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ABSTRACT 
vi 
Ultrasound remains an important and safe first line modality in the investigation of the liver. 
Although CT is considered the gold standard for liver volume calculation the liver is measured 
routinely during ultrasound examinations. However, numerous liver ultrasound measuring 
techniques are practised globally, leading to a lack of standardisation. Alteration in liver size 
can range from enlargement due to acute pathology to a decrease in size as seen in chronic 
conditions such as liver cirrhosis.  The accurate estimation of liver size is thus useful in 
diagnosing liver disease, monitoring disease progression and evaluating the liver’s response to 
treatment.  
While linear measurements represent a single plane, liver volume represents the entire liver 
making it the most reliable way to assess liver size. The use of multiple linear measurements, 
to generate a volume, was investigated by a previous group of researchers in a quest for a more 
accurate and reliable indicator of true liver size. However, their method and equation needed 
to be tested and its reference interval confirmed, for it to be implemented with confidence in 
other settings.  
The aim of this quantitative, comparative and descriptive study was to apply a proposed 
measuring technique and equation for ultrasound volume calculation, compare the results to 
computed tomography (CT) volumes obtained from the same participants and confirm the 
previously suggested reference range for normal liver volumes. A quota non-probability 
sampling technique was used to recruit participants who received a CT scan of the abdomen 
for reasons unrelated to liver pathology. A standard ultrasound scanning protocol, as described 
by Childs and co-workers, was used in conjunction with a checklist to ensure all participants 
were scanned in exactly the same manner. Three linear measurements were each repeated and 
the average used for ultrasound volume calculation. CT liver volumes were calculated using a 
semi-automated method to outline liver borders. All ethical principles were adhered to 
throughout the study. 
Although a single DT measurement of the right lobe of the liver provides a crude indication of 
liver size, it lacks standardisation and is in not a reflection of liver volume. While simple linear 
liver measurements, as suggested by Childs, are easy to perform, they only provide information 
at predetermined points within the right and left lobes of the liver. Arguably, liver volume 
provides a more complete picture of liver size since it is representative of the entire liver rather 
than of a single plane. Based on the Childs measuring technique and equation the results of this 
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study demonstrated a moderate to almost good agreement between CT and ultrasound volumes, 
with ultrasound volumes being smaller than those obtained with CT in the same participants. 
The reference range for ultrasound liver volumes in adults with normal livers was 700cm3 – 
2159cm3 (mean 1205.54cm3), after the extreme outlier was removed, compared to 1062cm3 - 
2223cm3 (mean 1642,5 cm3) in the Childs study. CT volumes ranged between 972cm3 - 
2413cm3 with a mean of 1404,97cm3 after the exclusion of a single extreme outlier.  
 
From this study, the right lobe dome-to-tip measurement was confirmed as the most reliable 
linear measurement. This measurement, subsequently, ranged from 11.4 - 17.7cm (mean 
14.42cm) which compared favourably with a mean of 13.9cm obtained in the Childs study.  
  
Although not perfect, the technique, equation and reference range for liver volume calculation, 
as proposed by Childs, have proven to be a better alternative in assessing liver size than a 
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The purpose of Chapter one (1) is to provide a brief overview of the research project and 
articulate critical aspects of the study namely, the research question, aim and objectives. In 
addition, the study variables are identified and key research concepts defined while the 
theoretical underpinnings of the study and perceived limitations are briefly discussed.   
 
Liver size depends on biographic and anthropometric factors such as age, gender, height and 
body shape, but may be altered by disease processes (Gameraddin, Ali, Al-radaddi, Haleeb & 
Alshoabi, 2015:131). The accurate estimation of liver size is thus useful in diagnosing liver 
disease, monitoring disease progression and evaluating the liver’s response to treatment 
(Riestra-Candelaria, Rodríguez-Mojica, Vázquez-Quiñones, & Jorge, 2016:12). A reliable and 
standardized measuring technique is, therefore, needed to track disease progression or monitor 
the effectiveness of treatment (Riestra-Candelaria et al., 2016:12). 
 
Medical imaging techniques play a vital role in the identification of pathological liver changes. 
While computed tomography (CT) exposes patients to high doses of ionizing radiation, 
ultrasound is a fast, non-invasive, radiation free and a relatively inexpensive imaging tool, often 
employed as the first line modality in the quantification of liver size (Wagai, 2007:83:256; 
Kapoor & Arora, 2018:75). Since no radiation is involved, ultrasound can additionally be 
employed repeatedly, yet safely (Safek, Simsek and Bahcebasi, 2005:1359).  
 
The liver is measured routinely during abdominal ultrasound examinations (Childs, Thoirs and 
Esterman, 2016a:125), however, different ultrasound measuring techniques are practised 
globally, leading to a lack of standardisation (Childs, Esterman, Thoirs, & Turner, 2016b:48). 
Furthermore, the exact definition of an enlarged liver in ultrasound terms still remains 
controversial, while cut off values vary greatly from department to department (Childs et al., 
2016b:48; Özmen, Aktaş, Özmen, Almus, Demir, 2018:653). It is, thus, crucial that 
measurements be reproducible and reliable if accurate diagnosis, prognosis and monitoring are 




Given the high doses of radiation with CT and the operator dependent nature of ultrasound 
(Childs et al., 2016b:48; Childs et al., 2016a:129) a renewed interest was sparked in finding 
alternative methods to calculate liver size reliably and define a normal range for liver size 
(Özmen, Aktaş, Özmen, Alums, Demir, 2018:653). The need for a simple, reliable and valid 
two-dimensional technique and a reference value (Riestra-Candelaria et al., 2016:12), 
therefore, acted as a catalyst for the investigation led by Childs during which the ultrasound 
calculation of liver volume has been explored as one such alternative (Childs et al., 2016a:126).  
 
Ideally volumetric assessment should be considered in the quantification of three dimensional 
(3D) organs such as the liver. However, there is a general belief that it is cumbersome, time-
consuming and inaccurate. Hence, a single longitudinal measurement is deemed to be sufficient 
and easier to perform by some users (Poddar & Jagadisan, 2010:476). On the contrary, a simple 
reliable and valid two-dimensional (2D) technique for volume calculation has the potential to 
fill this gap (Childs et al., 2016a:126; Izranov, Ermakov, Martinowich, Kazantseva & 
Stepanyan, 2018: 289). Although the Childs equation was tested in-vivo on 100 participants 
(Childs et al., 2016b:48), it has not been adopted widely. Likewise, the cut- off values for 
normal volumes need to be confirmed in participants with normal livers and a normal BMI, 
stressing the importance of  follow up studies to validate their findings (Childs et al., 
2016a:126; Sirisena, Jwanbot, Pam, Chagok & Aremu, 2016:27).   
  
 
1.2 CONCEPTUAL UNDERPINNINGS OF THE STUDY 
From a research perspective, a conceptual framework is defined, as the structure or building 
blocks which a research project should follow to achieve the overall purpose of the research.  
 
Currently, MRI and CT stand to be reliable and valid in the determination of liver volumes 
(Childs et al., 2016b:47; Lim, Tan, Cai, Zheng & Kow, 2014: 887). However, despite being 
the gold standard, CT brings with it the risk of high doses of ionizing radiation, leading to an 
increased cancer risk with each subsequent scan (Childs et al., 2016;47). On the contrary, 
ultrasound provides a safe alternative when there is a need for recurrent measurements to 
monitor disease progression. However, linear liver measurements represent a single plane of 




As a solution to this predicament, Childs’s research firstly attempted to provide a blueprint 
(Annexure A) for the standardisation of specific linear liver measurements, in a bid to limit 
operator dependence and correct variability in measuring techniques. Secondly, Childs and co-
workers proposed an equation for the calculation of liver volumes, to reduce the dependency 
on CT volume calculation. Based on Childs’s assumptions, the ultrasound standardization of 
liver quantification entails: 
1. Adherence to the proposed 2D scanning technique, inclusive of scanning planes and 
acoustic windows used to obtain relevant images 
2. Adherence to the proposed measuring technique, anatomical landmarks and caliper 
placement for the three linear measurements 
3. The application of the equation, developed by Childs and co-workers, for liver volume 
calculation using three linear liver measurements and controlling for anthropometric 
factors known to affect liver size, in this instance age and BMI. 
4. The confirmation of a proposed volume reference range and cut-off limits for normal 
livers to facilitate the early diagnosis of pathological changes in the liver (Mabrouk 
Kheiralla et al., 2016:33).  
 
This research project sought to test the validity and reliability of Childs’s technique and 
equation for adoption thereof in clinical practice. This was achieved by comparing ultrasound 
liver volumes, using Childs’s measuring technique and equation, with liver volumes obtained 
from CT software. As such, Childs’s theory on liver volume quantification constitutes the 
conceptual framework for this research from which the study hypothesis was developed.  
  
 
1.3 STUDY HYPOTHESIS:  
Volumetric liver quantifications on 2D ultrasound, using the Childs technique and equation for 
liver volume calculation corresponds to calculations of liver volume using CT software. Based 
on the study hypothesis, the null hypothesis states that ultrasound liver volume quantification, 
using Childs’s equation fails to correspond to CT volume calculations.  
 
 
1.4 JUSTIFICATION FOR THE STUDY 
After an extensive search for a solution to address the variability in ultrasound liver 
measurements, Childs and co-authors concluded that previous studies suffered poor reliability 
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and validity due to the operator dependent nature of the modality, small sample sizes, obsolete 
equipment or simplistic statistical analysis (Childs et al., 2016a:126). Their study, thus set out 
to use simple linear ultrasound measurements, combined with anthropometric features, to 
develop a practical and uncomplicated predictive equation which could calculate liver volume 
comparable to CT volumes (Childs et al., 2016a:126). However, the technique and equation 
needed to be tested and its reference interval confirmed in order for it to be implemented 
confidently in other settings.  
 
 
1.5 PROBLEM STATEMENT AND RESEARCH QUESTION 
Ultrasound linear liver measurements have a reputation for being unreliable. Childs and co-
workers (Childs et al., 2016a:129) recently formulated a measuring technique and equation for 
the 2D ultrasound calculation of liver volume, and suggested that this may serve as a better 
indicator of liver size than any single linear measurement in current use. However, the equation 
needs to be tested and their proposed reference interval confirmed in order for it to be adopted 
in other settings. The question that therefore arises is: “Can Childs’s technique and equation be 
adopted as a reliable way of expressing liver volume in the monitoring of disease progression 
when compared to CT?” 
 
 
1.6 MOTIVATION FOR THE STUDY 
The hospital setting in which this research has been conducted specialises in the management 
of patients with various liver diseases for which close monitoring is required. These include 
regular follow up of transplanted livers and monitoring of patients who present with hepatitis 
B, liver cirrhosis, liver neoplasms, liver metabolic diseases and fatty infiltration. 
 
In this environment, user dependent linear ultrasound measurements have become a frustration, 
while repeated CT volume calculation expose patients to large radiation doses. It, therefore, 
stands to reason that the testing of Childs and coworker’s formula and reference range on 
healthy patients, could be of great value in this hospital setting. Furthermore, Childs et al., 
(2014a:300) are of the opinion that volume techniques are more easily attainable with newer 
ultrasound equipment and that using multiple simple linear ultrasound measurements may offer 




1.7 AIM AND OBJECTIVES OF THE STUDY  
The aim of this quantitative, comparative and descriptive study was to test a measuring 
technique and equation, developed by a previous group of researchers, for ultrasound liver 
volume calculation when compared to CT. The following study objectives are crucial in 
achieving the primary study aim.  
 
Objective 1: To test the technique and equation developed by Childs and co-workers for the 
calculation of liver volume, using three linear ultrasound measurements, by comparing it to 
volumes obtained with CT segmentation analysis in the same study group.  
This study used three simple linear measurements combined with factors such as patient’s age, 
height, weight and body mass index (BMI) to calculate liver volumes, using the Childs equation 
to determine normal volume ranges. Ultrasound volumes were subsequently compared to those 
derived from CT scans on patients who had to undergo a CT scan for reasons unrelated to liver 
pathology and whose livers were reported as being normal. 
 
Since the initial Childs study was based on a relatively small sample of 55 normal livers (Childs 
et al., 2016a:128), there was a need to test the formula and equation on a larger sample to 
determine the reliability of their findings. 
 
Objective 2: To confirm the reference range for normal liver volumes, as proposed by Childs 
and co-workers. 




1.8 ASSUMPTIONS, LIMITATIONS AND DESIGN CONTROLS  
Based on personal observation, this study assumes that South African end- users demonstrate 
the same inconsistency in their ability to accurately measure the liver as in other countries. 
Assumptions made at the onset of the data collection include the following: 
 
1.8.1 Assumptions 
It was assumed that the researcher is adequately trained and experienced to operate the 
ultrasound equipment in order to obtain and repeat the liver measurements on consenting 
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participants. It was also assumed that the researcher has sufficient knowledge of anatomy, 
physiology and pathology of the liver to interpret the ultrasound image for normal and 
abnormal appearances.  Both the researcher and the radiologist, who provided a second 
interpretation of the measurements, were assumed to have full knowledge of the ultrasound 
criteria to be applied in this study. The researcher also assumed the radiologist to have full 
knowledge of the CT software volume calculation and image analysis. The radiologist was 
blinded to the ultrasound liver volumes, protecting him from being biased and was only 
informed of final results once the data was analysed. 
 
1.8.2 Limitations  
Despite the perceived safe nature of ultrasound, the acquisition and interpretation of the 
ultrasound images is operator dependent. This implies that the operator’s knowledge of liver 
anatomy, scanning planes and technical experience determines the reliability of the findings. 
Caution was, therefore, taken to obtain the correct images, measure the liver and record 
findings meticulously in accordance with Childs’s proposed method, to ensure most accurate 
and consistent results (Childs et al., 2016a:126-128). 
 
Furthermore, the researcher did not foresee the extended period of time needed for data 
collection. Inclusion criteria considered age, BMI and the absence of pathology which could 
alter the liver size. BMI calculation employs a formula which calculates the individual’s weight 
in proportion to height. Studies have shown that a BMI of 25 or more is associated with a large 
liver size and additionally a high BMI affects image quality negatively (Kangasa, Ksbelenge, 
Siziya, Mwanakasale, & Malama, 2018:40). In general South Africans tend to have a higher 
BMI, which negatively impacted on data collection. Furthermore, some potential participants 
had reservations about research and decided not to participate in the study even though they 
met the study criteria.  
 
1.8.3 Design controls 
The following design control measures contributed to counteract the negative impact of the 
limitations on the results of the study: 
 The liver was scanned using the same ultrasound units and curvi-linear probes, while 
all participants were scanned in the same position following a standard scanning 
protocol and measuring technique.  
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 All measurements were repeated on a second set of images and the means were used 
for the volume calculation to control for human error. 
 Ultrasound and CT images and measurements were audited by a radiologist (to aid the 
achievement of external consistency).  
 Experts in the field and an accredited statistician verified the data collection instrument 
before data collection commenced and their expert advice was utilized throughout the 
research process.  
 A detailed verbal and written outline of the study was provided to each participant in 
line with ethical principles.  
 Furthermore, all sources referred to in the dissertation were acknowledged and a 
declaration guaranteeing the authenticity of the work was made (Burns & Grove, 
2005:400). 
 Permission was sought from the Faculty of Health Sciences Higher Degrees and 
Research Ethics Committees of the University of Johannesburg.    
 
 
1.9 DEFINITION OF KEY TERMS 
Key terms have been defined as used in the context of this study: 
 
Anthropometric measurements: refer to the scientific study of measurements and 
proportions of the human body; in this instance referencing height and weight (Ilione, Ohagwu 
& Ogolodom, (2019:2) 
 
Body mass index (BMI): is calculated by using the formula BMI=weight (kilograms) / height 
(meters) (Ahmed, 2017:215). 
 
Normal Liver: was defined as a healthy liver, devoid of pathology as determined on CT, in 
males and females with a normal BMI of 20 -24.9 kg/m2. 
 
Hepatomegaly: liver enlargement associated with various hepatic and systemic diseases. 
These include inflammatory conditions, metabolic diseases, fatty liver, auto-immune diseases, 





Liver cirrhosis: is a chronic liver condition which occurs due to repeated insults to the hepatic 
parenchyma, resulting in fibrosis and a decrease in liver size. It is irreversible and the end stage 
of longstanding liver damage (Ilione, Ohagwu & Ogolodom, 2019:5; Mabrouk Kheiralla et al., 
2016:27). 
 
Liver volume: quantification of liver volume using a formula and equation developed by 
Childs and co-workers, to replicate CT volume calculation (Childs et al., 2014b:119; Childs et 
al., 2016a:129).  
 
Liver span: the longest diameter as measured from the dome of the right hemidiaphragm to 
the inferior border of the right lobe of the liver during inspiration (Gameraddin et al., 2015:132: 
Sirisena et al., 2015:27).   
 
Mid-clavicular line (MCL): an imaginary line running parallel to the long axis of the body 
and passing through the midpoint of the clavicle on the ventral surface of the body 
(https://www.merriam-webster.com/).  
 
Right lobe liver (RLL) cranio-caudal (CCL) measurement  
This measurement is done in the right midclavicular line (MCL) at right angles to the sound 
beam. The longitudinal diameter is measured cranio-caudally (CCL) from the uppermost right 
hemi-diaphragm to the most inferior boundary of the lobe, through a line parallel to the anterior 
liver wall, as demonstrated in Figures 2.7 and 2.8 (Riestra-Candelaria et al., 2016:3). 
 
Right lobe liver (RLL) dome-to-tip (DT) measurement.  
The RLL is measured diagonally in a sagittal plane, from the dome of the right hemi-diaphragm 
to the inferior edge of the liver, with the right kidney displayed on the image (Figures 2.7 and 
2.9) (Kratzer et al., 2003:1160; Siriena, Jwanbot, Pam, Chagok & Aremu, 2015:28; 
Warnakulasuriya, Peries, Rathnasekara, Jayawardena, Upasena, & Wickremasinghe, 2017:3). 
 
Right lobe antero-posterior (AP) measurement. 
The AP liver measurement is obtained from the same image as the DT measurement by 
measuring the maximum depth between the anterior and posterior borders of the liver as shown 




Left lobe anterior-posterior (AP) measurement.  
For this measurement the transducer is in a longitudinal plane along the midline and directly 
inferior to the xiphoid process. The LLL is visualised anterior to the inferior vena cava as seen 
in Figure 2.11 (Childs et al., 2014b:115) and the maximum AP measurement is obtained by 
placing the callipers on the anterior and posterior borders of the left lobe.   
 
Non-Alcoholic Fatty Disease (NAFLD): Pathological condition characterized by lipid deposit 
in the hepatocytes of the liver parenchyma in the absence of excess alcohol intake (Shou-We, 
Sheng-Shun, Teng-Yu, Hong-Zen, Chun-Fang & Chi-Sen, 2016:1) 
 
Non-alcoholic steatohepatitis (NASH): a severe form of NAFLD which normally occurs in 
non-obese patients (Shou- We et al., 2016:1) 
 
Volumetric calculation: the use of simple measuring techniques to develop a three-
dimensional hepatic volumetric index (HVI), with the aid of a mathematical formula (Izranov 
et al., 2018:286) 
 
1.10 PROPOSED STRUCTURE OF THE RESEARCH DISSERTATION 
This dissertation is divided into six (6) chapters. The research study is introduced in Chapter 1 
while the literature review or theoretical underpinnings are outlined in Chapter 2. A detailed 
blueprint of methodology, detailing how the study was conducted has been described in 
Chapter 3. In Chapter 4, the study outcomes or statistical analyses are presented, while the 
findings are discussed in the context of the literature, in Chapter 5. Lastly, implications for 
further research and clinical practice, conclusions and recommendations, as informed by the 









Ultrasound remains an important and safe modality in the investigation of liver pathology 
(Naik, Suma and Reddy, 2017:4327). Even though CT and MRI are considered the gold 
standards for liver volume calculation (Childs et al., 2016a:130) the liver is measured routinely 
during abdominal ultrasound examinations (Childs, Thoirs and Esterman, 2016a:125). 
However, numerous liver ultrasound measuring techniques are practised globally, leading to a 
lack of standardisation (Childs, Esterman, Thoirs, & Turner, 2016b:48). Furthermore, the exact 
definition of an enlarged liver, in ultrasound terms, still remains controversial while cut off 
values vary greatly from department to department (Childs et al., 2016b:48; Özmen, Aktaş, 
Özmen, Almus, Demir, 2018:653).  
 
Izranov et al., (2018:286) suggested that the use of multiple simple measurements to generate 
a liver volume, could prove to be superior to using a single linear measurement. The 
development of Childs and co-worker’s new liver measuring technique and equation for 
volume calculation could, thus, shed light on a more accurate indicator of true liver size (Childs 
et al., 2016a:130). However, this equation needed to be tested and its reference interval 

























findings in the 










CHAPTER 2  
LITERATURE REVIEW 
2.1 INTRODUCTION  
Liver size is an important indicator of liver disease (Naik, Suma & Reddy, 2017: 4327). 
Traditionally clinical palpation and percussion are the first steps in the determination of liver 
size (Tarawneh, Hadidy, Haroun, Mahafza, Samara, Arafeh & Alsharif, 2009:198), however, 
since these methods only allow for a subjective length estimation of the right lobe of the liver 
(RLL), pathologies affecting the left lobe of the liver (LLL) may remain undetected (Naik et 
al., 2017:4327).  
 
Currently Computed Tomography (CT) volume calculation is considered the gold standard for 
the determination of liver size (Ahmed & Stojanovic., 2016:1546; Childs et al., 2016a:125). 
Ultrasound has been an imaging tool used for almost 50 years (Brandt, Nielsen, Jensen- Hansen 
& Hemmsen, 2017:11) and being a less expensive and more readily available imaging option, 
ultrasound is often the first imaging investigation when liver pathology is suspected (Childs et 
al., 2016b:48, Naik et al., 2017:4327). However, different ultrasound measuring techniques are 
practised globally, leading to a lack of standardisation (Childs et al., 2016b:48). 
  
The purpose of this chapter is to outline the theoretical underpinning, or background work 
which supports the assumption that liver volume measurements using ultrasound has the 
potential to be equally reliable to CT in quantifying liver size.  
 
 
2.2 OVERVIEW OF THE LIVER ANATOMY AND PHYSIOLOGY  
The liver is the largest of the abdominal viscera and occupies the right hypochondrium, 
epigastrium and mostly extends into the left hypochondrium (Roiger & Bullock, 2019:514). It 
has a pyramidal shape, extends from the fifth intercostal space in the midclavicular line (MCL) 
to the right costal margin, and weighs about 1400-1600g in males and approximately 1200-
1400g in females (Mabrouk Kheiralla et al., 2016:27; Singla et al., 2017:5). 
 
Anatomically the liver consists of 3 distinct lobes: the left, right and caudate lobes (Roiger & Bullock, 
2019:215). Couinaud’s classification of liver segmentation, however, provides a slightly more 
complex anatomical description frequently used by radiologists and hepatobiliary specialists, 
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to aid in lesion location and surgical planning (Sanders & Terracciano, 2016:409). Couinaud’s 
liver segmentation divides the liver into eight independent segments which are defined by 
ligaments and fissures as well as branches of the hepatic artery, portal vein and bile ducts 
(Figure 2.1) (Mabrouk Kheiralla et al., 2016:27-28; Gotra et al., 2017:379).  
 
Figure 2.1 Couinaud’s classification of liver segments (Gotra et al., 2017:379). 
 
The internal structure of the liver comprises of multiple small hexagonal functional units known as 
lobules. Each lobule consists of a central vein surrounded by sinusoids which are positioned like 
spokes on a wheel (Roiger & Bullock, 2019:514).  Each sinusoid passes through liver tissue 
containing 2 main cell types, namely Kupffer cells and hepatocytes, while branches of the portal 
vein and hepatic arteries empty into the sinusoids. Tiny bile canaliculi run parallel to the sinusoids 
and drain into the bile ducts (Tortora & Derrickson, 2014:451-452). 
 
Kupffer cells capture and break down old, worn out red blood cells which pass through the sinusoids 
and pass their components on to the hepatocytes for the production of bile. The hepatocytes are the 
major functional cells which line the sinusoids and perform metabolic, secretory and endocrine 
functions (Tortora & Derrickson, 2014:451-452). 
 
The liver performs many vital functions such as the production of proteins and bile, processing 
of nutritional materials, storing of vitamins, iron and glucose and purification of the body from 
toxic substances. Bile, a by-product of the breakdown of old red blood cells, plays an important role 
in digestion (Roiger & Bullock, 2019:516). The hepatocytes are tasked with many important metabolic 
functions which support the cells of the body. Additionally, the liver stores many essential nutrients, 
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vitamins, and minerals obtained via the portal system. The liver is, furthermore, responsible for the 
production of vital protein components of blood plasma for blood coagulation and maintenance of the 
body’s fluid balance (Tortora & Derrickson, 2014:453). 
 
 
2.3 PATHOPHYSIOLOGY AND CHANGES IN LIVER SIZE 
2.3.1 Introduction 
Pathophysiology describes the functional or physiological changes in the body which result 
from disease progression (Gould & Dyer, 2010:2). Cells are the fundamental units of the body 
and need oxygen, nutrients, blood supply and excretion of waste products to survive (Pamela, 
2008:479). Cellular adaptation refers to changes made by a cell in response to an external 
stressor or pathological stimulus in order to achieve a new steady state which would be 
compatible with their survival (Huether & McCance, 2008:62-65). Cell adaptations may lead 
to structural changes which may alter cell size and subsequently change the size of the affected 
organ (Miller & Zachary, 2017:2).  
 
Alterations in liver size occur in various clinical conditions (Singh & Singla, 2017:94). These 
can range from an increase in size, as seen in acute liver pathology, to a decrease in size, as 
seen in chronic conditions such as liver cirrhosis (Leung, Farrant & Peters, 1996:157). The 
assessment of liver size is thus crucial to determine the presence or absence of liver disease 
(Van Thiel, Hagler, Schade, Skolnick, Heyl, Rosenblum, Gavaler and Penkrot, 1985:4).  
 
2.3.2 Liver disease leading to increase in size 
Cell injury results in a biochemical shift which generally leads to observable morphologic 
changes. Cell enlargement is hence an early change which occurs in most acute cell injuries 
when the cell loses its ability to control the movement of ions and water into and out of its 
cytoplasm. It may act as a precursor of more severe changes or disappear as the cell adapts and 
repairs the damage (Haschek, Rousseaux & Wallig, 2013:1-2).  
 
Hepatomegaly is a term used to describe liver enlargement beyond its normal dimensions. 
Although it is not considered a disease, it is an indication of an underlying disease process such 
as non-alcoholic fatty liver (NAFLD) (Childs et al., 2016b:47). Fatty liver disease (FLD), also 
known as hepatic steatosis, occurs when there is an accumulation of fat in liver cells which 
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causes the cells to enlarge. As individual cells enlarge, so does the organ when the cellular 
insult continues (Li, Homer, Hull, Boomla, Robson, & Alazawi, 2020:132).  
 
The pathophysiology of fatty liver is influenced by diet, lifestyle and inflammation, which all 
have a major impact on the severity of the outcome of the disease (Petta, Gastaldelli, Rebelos, 
Bugianesi, Messa, Miele, Svegliati-Baroni, Valenti, & Bonino, 2016:1). The primary risks for 
NAFLD, subsequently, include type 2 diabetes and obesity. In the current obesity epidemic 
NAFLD is the most common cause for liver enlargement, with a prevalence of 20% to 46% 
(Li, Dhyani, Grajo, Sirlin, & Samir, 2018: 530; Li et al., 2020:137).  
 
Hepatomegaly is, however, also seen in acute diseases such as early alcoholic cirrhosis where 
there is a similar accumulation of fat in the hepatocytes. Hepatomegaly additionally manifests 
with congestive cardiac failure or acute viral hepatitis (Singh & Singla, 2017:94) during which 
venous congestion or an acute inflammatory response causes an influx of fluid in the interstitial 
tissue (Scallan, Huxley & Korthuis, 2010:1).  
 
Additionally, the pathogenesis of acute inflammation involves increased blood flow to the 
affected area and enhanced vascular permeability of vessels feeding the injured parenchyma 
(Chen, Deng, Cui, Fang, Zuo, Deng, Li, Wang & Zhao, 2017:7204). This accounts for localized 
edema and subsequent enlargement of the organ (Scallan, et al., 2010:1). 
 
Liver size is, furthermore, affected by the presence of benign or malignant neoplasms, 
abscesses and hematomas. In primary or metastatic liver cancers, the liver becomes infiltrated 
with deposits of cancer cells which can grow rapidly. These neoplastic growths are usually 
distinguished from normal liver by palpation of hard and/or nodular liver tissue (Wolf, 
1990:480). 
 
2.3.3 Liver disease leading to decrease in size 
If the injury to the hepatocytes is too severe the affected cells die, leading to a decrease in organ 
size. As a sequel to the acute inflammatory process, healing aims to restore function by 
replacing dead tissue with regenerated cells. However, in most instances there is additionally 
some degree of connective tissue scarring which will replace structurally damaged tissue 




In some instances, the liver size can remain unchanged, however, in diseases such as acute 
fulminant hepatitis and end stage cirrhosis, the liver shrinks due to the extensive or chronic loss 
of functional units (Singh & Singla, 2017:94). Cirrhosis is the term used to describe a distorted 
or scarred liver as a result of chronic or persistent inflammation due to hepatitis, chemicals 
which destroy hepatocytes, parasites which infect the liver or especially alcoholism in which 
instance the hepatocytes are replaced by fibrous connective tissue (Tortora & Derrickson, 
2014:465). Cirrhosis is, furthermore, characterised by chronic inflammation with associated 
death of liver cells, followed by repair which causes scar tissue to develop within the liver. The 
remaining liver cells multiply rapidly and haphazardly resulting in the formation of nodules 
within the liver. At the end stage of the disease the size of liver decreases following hepatocyte 
necrosis and collapse (Wolf, 1990:480). This process causes liver function to reduce, 
eventually leading to death (Childs et al., 2016c:4). 
 
2.3.4 Other factors that affect liver size 
Apart from pathological processes, anthropometric factors such as race, gender, body shape 
and body size also affect liver size (Feng, Wang, Yu, Chen, Wang, Sheng, Yuan, Shi, Xie, & 
Zeng, 2017:4969). Anthropometric factors affecting liver size, therefore, have to be factored 
in when normal values for liver size are calculated (Kangasa, Kabelenga, Siziya, Mwanakasale 
& Malama, 2018:38, Özmen, Aktaş, Özmen, Almus, Demir, 2018:653).  
 
2.3.4.1 Body Mass Index (BMI) 
For this study only the two most important anthropometric factors were considered, namely, 
height and weight, both used to determine the BMI (Singla, Singh, Jain, Savani & Oli, 2017:6).  
BMI is calculated using the following formula: 
 
        Weight in kg 
BMI = (Height in metres)2  
 
(Singla, Singh, Jain, Savani & Oli, 2017:6). 
 
 
As previously stated, the assessment of liver size is crucial in the evaluation of a patient to 
determine the presence or absence of liver disease (Van Thiel et al., 1985:4). Although 
equipment and imaging software affect image quality, patient body habitus, additionally, plays 
an important role in the technical quality of the ultrasound examination (Yuko, 2016:2). 
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Kangasa et al., (2018:39) postulated that a BMI of ≥25 is associated with an increase in liver 
size, most likely due to fatty infiltration. However, in the assessment of NAFLD, Li and co-
workers (2018:532) assert that the sensitivity and specificity of B- mode sonographic criteria 
to detect steatosis, decreases as BMI increased (Li, Dhyani, Grajo, Sirlin & Samir, 2018:532), 
mainly due to the decrease in image quality.  
 
2.3.4.2 Age  
Age does have an influence on the liver span as measured in the midclavicular line (MCL). 
The findings in a recent study concluded that although liver size increases between ages 40 to 
60 years, it decreases thereafter (Aizawa, Inagaki, Moriyama, Asano & Kakehashi, 2019:13-
14; Gameraddin et al., 2015:131).  
 
2.3.4.3 Gender  
Gender is a contributing factor for liver size, with men generally having bigger livers than 
women. However, since no statistically significant difference could be proved, gender can be 
ignored as a clinically relevant parameter for liver size (Kratzer et al., 2003:1158; Kangasa et 
al., 2018; 39-40).   
 
2.3.4.4 Conclusion 
Liver size is affected to a greater extent by BMI than gender or age (Kangasa et al., 2018:39-
40; Özmen et al., (2018:655). For this study participants were, thus, carefully selected to meet 
the inclusion criteria of having a normal BMI and normal liver morphology, as demonstrated 
on a CT scan.  
 
 
2.4 COMMON METHODS OF MEASURING THE LIVER  
2.4.1 Palpation 
a) Technique  
An accurate assessment of liver size is an important initial step in evaluating a patient with 
possible liver disease. Traditionally, clinical palpation and percussion are the first steps in the 
determination of liver size (Tarawneh, 2009:198). Additionally, the purpose of liver palpation 




For palpation the patient is in a supine position, the knees flexed and the abdominal muscles as 
relaxed as possible. The lower edge of the liver is determined by palpation just lateral to the 
right rectus muscle. The liver edge is carefully palpated along its lower border while the 
examiner continues to palpate below the umbilicus to ensure that the lower border of a 
massively enlarged liver is not missed (Telega, 2018:244).  
 
Figure 2.2 Technique for liver palpation (Wolf, 1990:479). 
 
Clinically liver enlargement is expressed by centimetres or fingers palpable below the right 
costal margin (Singh & Singla, 2017:94). The normal liver edge can be felt up to 2 cm below 
the right costal margin in the MCL (Warnakulasuriya, Peries, Rathnasekara, Jayawardena, 
Upasena, & Wickremasinghe, 2017:2). A liver which is palpable >2cm below the ribcage is 
indicative of an underlying pathological process (Childs, Esterman, Phillips, Thoirs & Turner, 
2014a:297; Loloi, Patel, McDevitt, Bruno & Riley, 2019:103).  
 
b) Advantages  
In resource-poor settings without access to valuable diagnostic imaging tests such as ultrasound 
or CT, the physical examination may serve as the primary means of clinical information 
gathering (Loloi et al., 2019:104).  
 
c) Shortfalls  
It is important to remember that the physical examination has limitations and lacks both 
accuracy and inter-observer reliability (Shafie, Elnemr, Allam & Elmy, 2016:275). Moreover, 
since palpation only allows for a subjective length estimation of the RLL, pathologies affecting 




Additionally, it may be difficult to ascertain the borders of the liver in patients with morbid 
obesity, ascites, pleural effusion, or extensive surgical scars. The accuracy of this method, 
furthermore, is reliant on patient body habitus which is particularly problematic in obese 
patients (Singh & Singla, 7:94). This technique is thus generally regarded as being inaccurate 




Palpation should always be combined with percussion of the upper and lower boundaries of 
the liver (Loloi et al., 2019:103). Percussion determines the vertical distance (liver span) 
between the uppermost and lowermost points of the liver, by using the finger to tap or percuss 
in the right midclavicular line (Singh & Singla, 2017:94). The upper edge of the liver is 
determined by percussing downwards from the nipple line while the lower edge is defined 
through light upwards percussion from the umbilicus towards the costal margin. The anterior 




Figure 2.3 Percussion technique (Philips & Pande, 2017:67). 
 
b) Advantage  
Percussion represents the manoeuvre most widely used during a physical examination to assess 






Physical examination determines only the external borders of the liver and does not truly 
measure liver volume (Loloi et al., 2019:103-104). Since hepatomegaly is diagnosed on the 
basis of the liver edge being palpated or percussed below the right costal margin, a Riedel’s 
lobe, which is a normal anatomic variant, may give the impression of hepatomegaly on clinical 
examination. Additionally, the liver may be displaced downwards in patients with hyper-
inflated lungs while in some cases it may be difficult to distinguish masses arising from the 
right kidney or adrenal gland from an enlarged liver (Telega, 2018:244). 
 
2.4.3 Computed Tomography 
Computed tomography (CT) is currently considered the gold standard for the calculation of 
liver size, by making use of volume as the measure of choice (Ahmed & Stojanovic., 
2016:1546; Childs et al., 2016a:125). Since liver volume represents the entire liver, while 
linear measurements represent a single plane, it is regarded as the most reliable way to assess 
liver size (Childs et al., 2016a: 126). CT volume calculation is achieved by obtaining the liver 
area on individual cross-sectional images, multiplying each area by the slice interval to provide 




CT volume calculation was originally performed manually by tracing the liver contours with 
an optical mouse, from the superior margin of the liver to the inferior margin, for each 
individual image. This method, however, is operator dependant and time consuming (Lim et 
al., 2014:891).   
 
Conversely, fully automated segmentation methods demarcate the liver contours with the aid 
of the estimated CT liver value in order to separate it from adjacent organs. A 3D image is then 
reconstructed for volume calculations. However, this method, although fast, has its own 
limitations and may fail when images are low in contrast or the liver has missing edges due to 
being of similar intensity to adjacent structures (Lim et al., 2014:891).   
 
A semi-automated volumetric assessment of the liver, thus, ensued as an alternative method 
(Farghaly et al., 2019:2). This allows the user to guide automated segmentation and provides 
greater control over the volume calculation (Lim et al., 2014:891). Standard acquisition of 
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6mm axial slices of the abdomen is obtained after intra-venous injection of contrast material. 
The liver volumes are, subsequently, calculated with liver analysis application software which 
uses the density differences in the images to obtain a semi- automatic liver segmentation (Lim 
et al., 2014:891).   
 
In our study semi-automated CT liver volumes were calculated using Philips liver 
segmentation and analysis software (Eindhoven, The Netherlands). Segmentation is the 
process of dividing an image into regions with similar properties such as grey level, colour, 
texture, brightness, and contrast. The role of segmentation is to subdivide the objects in an 
image to study anatomical structure, identify regions of interest such as locating tumours, 
lesions and other abnormalities. It is also applied to calculate tissue volume in order to monitor 
tumour growth or access decrease in tumour size after treatment. (Sharma & Aggarwal, 
2010:5). 
 
The software, which allows for automated liver extraction, was applied to CT images, and liver 
boundaries were initially obtained automatically. A radiologist, subsequently, reviewed all 
images to edit the boundaries on each slice for improved accuracy. The gallbladder and the 
main vessels, such as the retro-hepatic inferior vena cava were manually excluded from the 
segmentation volume (D’Onofrio et al, 2014:66). Liver volumes were, subsequently, 
determined by counting the voxels within the liver boundary. This method is less time‐
consuming than when volumetry is performed manually, but more accurate than the fully 
automated method and has been widely adopted in clinical practice.  
 
This semi-automated method, thus, allows for correction of the volume to a certain degree by 
manual post-processing procedures in order to obtain a relatively accurate result (Cai, He, Fan, 
Fang & Jia, 2016:119). Semi-automated methods, furthermore, exclude organs of similar 
intensity from the calculation as well as space-occupying lesions which need to be excluded 
from the liver extraction volume (Cai et al., 2016:125). Although it is more time consuming, 
this method generally performs better than fully automated segmentation for the calculation of 




Figure 2.4 Computed tomography of liver volume measurement (Childs et al., 2016a:126) 
 
b) Advantages  
In the United States (US), CT is normally the first modality used when liver disease is 
suspected since it provides a comprehensive survey of the liver while the examination is not as 
operator dependent as with ultrasound (Sanders, 2015:409).  Furthermore, adjacent structures, 
including the portal and hepatic vessels, gall bladder, spleen and other intra-abdominal organs, 
can simultaneously be assessed (Ilione, Ohagwu & Ogolodom, 2019:22).  
 
Refinements in imaging techniques and the availability of sophisticated software for three-
dimensional reconstruction, have improved the estimated deviation in liver volume to within 
5% of the total volume (TVL) (Feng et al., 2017:4969). Since liver volume represents the entire 
liver, with linear measurements representing a single plane, it is regarded as the most reliable 
way to assess liver size (Childs et al., 2016a:126). Additionally, it is a practical, fast and easy 
measurement to perform in the clinical setting (Ali, Mousbah, Ahmad & Sanja, 2016:1546). 
The accuracy of CT liver volumetry has, moreover, been confirmed by using intraoperative 
liver volume measurements as a reference standard (Hori et al., 2011:1428).  
 
c) Short falls  
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While CT is reliable in the determination of liver volume (Childs, Thoirs & Esterman, 2015:18) 
it is expensive, has limited availability and has the additional risk of exposing patients to large 
amounts of ionising radiation (Childs et al., 2016b:47). Furthermore, CT is not recommended 
as the primary modality of investigation due to greater costs (Kapoor & Arora, 2018: 75). 
 
2.4.4 Magnetic Resonance Imaging 
a) Technique:  
Hepatic volume measurements are performed by an experienced radiologist, by tracing the 
contours of the liver on sequential 5mm axial images. For consistency and because of best 
demonstration of the portal vein, volumetric measurements are acquired on the portal venous 
phase images. Manual tracing is performed on all transverse images starting from the superior 
margin of the liver to the inferior margin in a series similar to an algorithm proposed by 
Heymsfield et al., (1997:7). Extra-parenchymal blood vessels, such as the inferior vena cava, 
portal vein, fissure for the ligamentum teres and gallbladder are excluded from the image. 
Intrahepatic veins and intraparenchymal inferior vena cava are, however, included. A 3D 
volume dataset of the liver, with a calculated hepatic volume, is generated from the compilation 
of traced hepatic contours on sequential transverse images (Verma, 2010:317). 
 
Figure 2.5 Magnetic resonance imaging volumetry of liver volume (Keller, Schoennagel & 
Nielsen, 2015:3) 
 
b) Advantages:  
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Hepatic volume calculations, made by using manual tracing methods, are subjective, tedious, 
time consuming and software dependent (Childs et al., 2016a:125, Huynh, 2014:159). MRI, as 
an imaging modality, is also expensive in comparison to ultrasound and far less mobile and 
accessible to the general public (Childs et al., 2016a:125). There is paucity in the literature on 
an automated liver segmentation scheme for MRI, even though MRI carries no risk related to 
ionizing radiation, probably because it is thought that MRI liver volumetry has more variations 
and is more difficult to achieve than with CT (Huynh, 2014:159). 
 
2.4.5 Ultrasound  
The liver readily lends itself to ultrasound imaging as it allows for good through transmission 
and reflection of soundwaves and, additionally, has no interposing gas shadow between the 
liver and the ultrasound probe (Kapoor & Arora, 2018:75). Ultrasound is considered an 
effective primary investigation for liver pathologies since real time grey scale imaging can 
detect a broad spectrum of hepatic pathologies including neoplasms, abscesses, fatty 
degeneration, cirrhosis and cysts. Importantly, it also aids with pre- and post-assessment of 
liver transplant patients (Kapoor & Arora, 2018:74).  
 
Although there is some agreement regarding the evaluation of liver texture, there is lack of 
consensus on the accuracy and reproducibility of liver measurements on 2D ultrasound, with 
the most commonly used measurement of the right lobe being obtained in an oblique dome-to-
tip (DT), rather than the midclavicular cranio-caudal plane (Riestra-Candelaria, Rodriguez-
Mojica & Jorge, 2018:182).   
 
a) Technique for linear measurements. 
Since the liver is a large organ, the responsibility of assessing it in its entirety lies with the 
sonographer (Sanders, 2016:411). As previously discussed, liver size is influenced by 
pathology and with the advent of liver transplantation, it has become clear that there is a great 




Currently, linear measurements of the liver are adopted in most general diagnostic ultrasound 
scanning protocols (Izranov, Ermakov, Martinowich, Kazantseva & Stepanyan, 2018:286). 
Linear measurements, especially of the RLL in the MCL, provide an easy and a practical 
method for routine use and achieve good correlation with actual liver size on autopsy when 
correctly performed (Özmen et al., 2018:653). However, there is a lack of standardization in 
performing linear measurement between practices and educational institutions (Childs et al., 
2016b:50). To be meaningful, the measuring technique should be comparable to clinical 
palpation, although the latter is also unreliable (Joshi, Singh, Jajoo, Pal & Kalantri, 2004:173).  
 
Figure 2.6 Mid-clavicular and trans-axial lines (Loloi et al., 2019:104). 
 
Mid-clavicular line (MCL) measurement 
Universally the MCL (Figure 2.6) is considered the landmark in the estimation of liver size 






Methods of measuring the right lobe length (RLL) using the MCL as the reference point: 
 
Figure 2.7 Schematic representation of the cranio-caudal (CCL= A), antero-posterior (AP 
= B), and maximum diagonal dome-to-tip diameter (MCCL = C) of the right lobe of liver 
(Izranzov et al., 2018:287). 
 
1. Cranio-caudal (CCL) measurement  
The right arm of the patient is placed above the head to facilitate access to the right upper 
quadrant. The measurement is done in the right midclavicular line (MCL) at right angles to the 
sound beam. Liver longitudinal diameter is measured cranio-caudally (CCL) from the 
uppermost right hemi-diaphragm to the most inferior boundary of the lobe, through a line 
parallel to the anterior liver wall, as demonstrated in Figures 2.7 (red line A) and 2.8 (Riestra-
Candelaria et al., 2016:13). 
 
 
Figure 2.8 Cranial caudal line (CCL = A) (Robben et al., (2018);  





2. Diagonal dome-to-tip (DT) measurement 
With the patient in the supine position, the liver is scanned in the MCL with a convex 
transducer. The RLL is commonly measured diagonally, in a sagittal plane, from the dome of 
the right hemi-diaphragm to the inferior edge of the liver, with the right kidney displayed on 
the image (Figures 2.7 and 2.9) (Kratzer et al., 2003:1160; Siriena, Jwanbot, Pam, Chagok & 




Figure 2.9 Maximum diagonal cranio-caudal (MCCL) measurement of the right lobe of 
liver (RLL) (Childs et al., 2014b:115). 
 
3. Antero-posterior measurement of the right lobe 
Additionally, anteroposterior (AP) liver measurements can be obtained as seen in Figures 2.7 
(black solid line – labelled B) and 2.10 (Riestra-Candelaria et al., 2016:13). This measurement, 
first described by Niderau et al., in 1983, was adopted by Childs et al., (2016b:125) to measure 








Figure 2.10 Anteroposterior (AP) measurement of the right lobe of the liver (Childs et al., 
2016b:50).  
 
4. Anterior posterior (AP) measurement of the left lobe using the midline as the point 
of reference  
The midline of the patient is determined by using the xiphysternum as the anatomic reference 
point. By placing the transducer in a longitudinal plane along the midline and directly inferior 
to the xiphoid process the LLL is visualised anterior to the inferior vena cava as seen in Figure 
2.11 (Childs et al., 2014b:115). The maximum AP or depth measurement is obtained by placing 
the callipers on the anterior and posterior borders of the left lobe.   
 
Figure 2.11 Midline antero-posterior measurement of the left lobe (Childs et al., 
2014b:117) 











For the purpose of this study only the most commonly performed measurements have been 
described. However, after reviewing a number of linear ultrasounds measuring techniques, 
Childs and co-workers (2014b:113) expressed their concern that some of the techniques lack 
reliability and validity. Additionally, there is paucity on a detailed description of some of the 
measuring techniques (Childs et al., 2014b:116). This led to inconsistency and confusion 
among sonographers and the extensive use of CT or MRI for this purpose (Child et al., 
2016b:48). Since ultrasound continues to be an important imaging modality when examining 
the liver, standardisation of liver quantification remains an important component of the routine 
liver evaluation.  
 
b) Variation in cut-off values for normal linear liver measurements 
A wide range of RLL length values have been reported (Childs et al., 2014b:116, Riestra-
Candelaria et al., 2016:13-15) while the normal limit of organs, according to age and body 
habitus, has also not been standardised (Thapa, Shah, Pradhan, Rijal, Pradhan, & Basnet, 2015: 
287). 
 
Hertzberg & Middleton, explain that the normal upper limits of livers, measured in the MCL, 
range from 13 to 17cm, resulting in 15cm being most frequently used as the cut-off point for 
normal (Hertzberg & Middleton, 2016:53). Saunders, however, considers the liver enlarged if 
it measures more than 17cm in length when measured from a point midway between the spine 
and the right side of the body (Sanders, 2016:412). While Kratzer and co-workers (2003:1160) 
assert that the cut off liver size, measured at the MCL is 16cm, Kangasa et al., (2018:40) claim 
it to be 17cm and Mabrouk Kheiralla et al., (2016:29) 12.2cm in males and 11.9 in females.  
 
Table 2.1 Summary of linear liver measurements.  







Gosink & Leymaster, 
1981:38 -39 
15.5 cm  Cut off 
15.5 cm 
Measure from dome to inferior hepatic tip in the midhepatic line. The 
cut‐off value was, however, determined retrospectively from previous 
ultrasound images using interchangeable image planes  
Kratzer et al., 
2003:1156 - 1160 
 Mean 14cm 
Cut off 16.0cm 
Measured in the MCL diagonally from the hepatic dome to the inferior 
tip of the liver according to a method described by (Borner et al., 1987) 
Ekpo et al., 2013:29  Mean 12.9cm 
9.2-15.2cm  
Cut off 
Measured in the MCL diagonally from the hepatic dome to the inferior 
tip of the liver according to a method described by (Borner et al., 1987 




Sirisena et al., 
2015:28 - 29 
 Mean 13.46cm 
12-16cm 
Cut off 16.0cm 
The liver length is measured in the sagittal plane with the right kidney 
displayed on the monitor  
Childs et al., 
2014b:115-118 
 Mean  
14.1cm 
Left lateral decubitus at a 45 degree angle position. Transducer 
longitudinal in line with the midpoint of the patient’s clavicle or MCL. 
Measure the maximum dome-to-tip distance.  
Childs et al., 
2016a:126  
 Mean  
14.9cm 
Left lateral decubitus position. Transducer longitudinal in line with the 
midpoint of the patient’s clavicle or MCL. Measure the maximum 
dome-to-tip distance. 
Childs et al., 
2016b:50 
 Mean  
13.9cm 
Supine with body tilted 45 degrees to a left lateral decubitus position. 
Transducer longitudinal in line with the midpoint of the patient’s 




 13-17cm  
Cut off  
<15 suggested 
By using a subcostal or intercostal approach the RLL is scanned in an 
oblique plane which is parallel to the long axis of the intercostal spaces.  
No mention is made of the measuring technique.  




Measured in the MCL diagonally from the hepatic dome to the inferior 
tip of the liver according to a method described by (Borner et al., 1987) 
Sanders & Hall- 
Terracciano, 
2016:412-413 
 Cut off  
<17 cm  
The RLL is measured in the MCL, however no length measuring 
technique is provided – only for an AP measurement. 
Ahmed, 2017:216  Mean 
F:16.9cm 
M:15cm 
The DT diameter is measured in the MCL through an oblique line  
Kangasa et al., 
2018:39 
 Mean 13-13.9 
cm  
Cut off 17cm 
In a supine position, the RLL was measured from the hepatic dome to 
the tip of the inferior angle of the right liver. 
 
From the above description and table, it is clear that values for the cranio-caudal measurement, 
performed in the MCL, differ from the diagonal dome-to-tip measurement. The general 
consensus seems to favour the diagonal DT measurement as the most accurate representation 
of liver length ((Riestra-Candelaria et al., 2018:182); and as such it has been widely adopted 
in clinical practice, as is evident from the above table. However, the lack of standardisation in 
measuring technique and cut off values for normal livers still complicates the interpretation of 
liver measurements (Childs et al., 2016c: 17-18). It is, thus, crucial that ultrasound 
measurements be reproducible and reliable if accurate diagnosis, prognosis and monitoring are 
to be attained (Childs et al., 2016b:48). 
 
c) Technique for volume calculation. 
Liver size indirectly reflects liver function and changes in liver volume and hence correlates 
with the prognosis and severity of liver disease (Feng et al., 2017:4969). Therefore, imaging 
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plays a vital role in the pre-operative volumetric evaluation of patients undergoing liver 
resection or transplantation (D’Onofrio, De Robertis, Demozzi, Crossa, Canestrini, & Mucelli, 
2014:62). The recent rise in liver transplants urged for an accurate means of establishing liver 
volume according to recipient’s body indices, which is a major criterion for a successful liver 
transplant (Ahmed & Stojanovic, 2016:1546).  
 
In an attempt to find an alternate to CT volume calculation, currently the most precise measure 
of liver size, without exposing patients to high doses of radiation, there has recently been a 
renewed interest in ultrasound as a means to calculate liver volume (Childs et al., 2016a:129). 
The ongoing and unresolved need for a simple, reliable and valid two-dimensional technique 
and a reference value to differentiate between normal and abnormal livers, therefore, acted as 
a catalyst for the investigation led by Childs (Childs et al., 2016a:126). The authors, 
subsequently, argued that multiple linear measurements have the potential to provide a 
practical and simple method to calculate liver volumes for the purpose of monitoring disease 
progression (Childs et al., 2014a: 296-302).  
 
Although studies to predict liver volume from simple linear ultrasound measurements have a 
long history (Izranov et al., 2018:286) the accuracy of their equations was never widely tested 
or reported. Subsequent to the earlier studies, Kitajima et al., (2008:3856) reported a significant 
correlation (0.96) with actual specimen volumes, by means of conventional ultrasound, in their 
study (Farghaly et al., 2019:6) Two liver volumes were calculated in their study the first of the 
liver specimen in water displacement (ex-vivo) and the liver volume pre- operatively (in-vivo) 
using ultrasound (Kitajima et al.,2008:385) . Furthermore, the use of three-dimensional (3D) 
ultrasound, for the calculation of liver volumes, was also investigated, however, due to the 
limitations of this technique, it did not prove to provide a successful alternate method of 
calculating liver volume (Farghaly et al., 2019:2). 
  
With the morphologic shape of the liver differing significantly amongst people, volumetric 
assessment, Childs et al., (2016b:51) argued that the use of a simple measurement technique  
and  a  mathematical  formula  to  calculate a liver volume (Childs et al.,2014; 299-300) a 
would be more appropriate to determine true liver size. In most volume calculations the product 
of three measurements, taken at right angles to one another, is used. Mathematically, 
the volume of an ellipsoid is calculated using the formula π/6 × length × width × thickness or 
alternately, with the aid of a simplified formula 0.5 × length × width × thickness (Lee & 
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Rausch, 2012:1649). The ideal equation thus comprises simple liver measurements and 
coefficients based on regression analysis.  However, due to the irregular geometric shape of 
the liver and technical difficulty to obtain an accurate transverse measurement of the liver with 
ultrasound, this method is not widely used in clinical practice (Izranov et al., 2018:286). Hence, 
a new formula for the calculation of the liver volume which does not require a transverse liver 
measurement, was proposed by Childs and co-workers (Childs et al., 2016a:127; Childs et al., 
2014a:305). The advantage of this method is that the measurements are simple, reproducible 
and quick to perform as part of a routine ultrasound examination. The use of simple linear 
measurements, as part of an equation based on regression analysis, to calculate a volume, 
would be extremely valuable in a clinical setting (Childs et al., 2016a:129). Since a single 
linear measurement represents the liver in only one plane, Childs proposed the use of the 
following three linear measurements in an equation for the calculation of liver volume:  
1. A diagonal dome to tip measurement (DT) of the right lobe of liver (RLL), obtained 
from an image in the midclavicular line which includes the right kidney (Childs et al., 
2016a:127).  
 
Figure 2.12 Right lobe liver with maximum dome to tip measurement (Childs et al., 
2016a:127)  
 
2. Maximum anterior to posterior (AP) measurement of the right lobe obtained from the 





Figure 2.13 Right lobe of liver with maximum antero-posterior measurement (Childs 
et al., 2014b:119). 
 
3. Maximum antero-posterior (AP) measurement of the LLL obtained in the midline 
(Childs et al., 2014b:119). 
 
Figure 2.14 Left lobe of liver with maximum antero-posterior measurement (Childs et al., 
2016b: 127) 
 
To test the accuracy of this formula, comparison was made to volumes obtained from CT 
images, using Intraclass Correlation Coefficients. In their study ultrasound measurements 
achieved a close fit with similar measurements obtained from CT images (Childs et al., 
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2015:27). A predictive penalised regression model was subsequently developed, based on the 
three linear ultrasound measurements and selected anthropometric parameters including 
weight, body mass index (BMI), waist circumference, age and gender. Since confounding 
factors only exerted a small influence on liver volume, only the three strongest parameters (A, 
B & C) were eventually used to develop a simpler equation as seen below:  
 
 
Figure 2.15 Liver Volume measurements on ultrasound (Childs et al., 2016a:129) 
Liver volume (cm3) = 343.71(constant) + [0.84(regression co-efficient) x A x B x C] A = (Lt. lobe 
AP), B = (Rt. lobe DT) and C = (Rt. lobe AP)  
 
Once the CT volume was calculated, bootstrapping was employed to develop the equation used 
for ultrasound volume calculation based on the above three linear measurements (Childs, E-
mail, 31 July 2018; Child’s et al., 2016a:126). Volumes ranging between 1062-2223cm³ were 
accepted as being normal (Childs et al., 2016b:50). 
 
Most recently, and consecutively to our study, Farghaly et al., (2019) also set out to evaluate 
the validity of 2D ultrasound in liver volume estimation as proposed by Childs and co-workers. 
Almost identical to our study, they compared ultrasound volumes to CT volumes as the gold 
standard in a sample of 100 participants with normal livers. The mean for ultrasound liver 
volumes was 1572.10 cm3, while the average CT volume, using a semi-automated method, was 
1559.30cm3. This rendered no statistical significant difference between the two methods 
(p value of 0.798) (Farghaly et al., 2019). The authors subsequently concluded that, based on 
the Childs method, simple linear ultrasound measurements could provide an efficient, accurate, 




d) Advantages of ultrasound 
Medical imaging techniques are known to play a vital role in the identification of pathological 
changes. Being a less expensive and more readily available imaging option, ultrasound is often 
the first imaging investigation when liver pathology is suspected (Childs et al., 2016b:48, Naik 
et al., 2017:4327). Not only is it reliable but also highly expected by patients, compared to CT 
and MRI (Ahmed, 2017:216). 
 
e) Shortfalls  
Ultrasound is, however, operator dependent (Yuko, 2016:2) making this the major 
disadvantage of liver ultrasound (Kapoor & Arora, 2018:76). The success of the scan, including 
the accuracy of the measurements, therefore, greatly depends on the experience and training of 
the operator (Childs et al., 2014b:119).  
 
Additionally, the size of the liver can be difficult to gauge on ultrasound due to its shape and 
variable volume distribution between the right and left lobes (Hertzberg & Middleton, 
2015:53). Furthermore, there is ongoing controversy regarding the normal range in the size of 
organs according to age and body habitus (Thapa, Shah, Pradhan, Rijal, Pradhan, & Basnet, 
2015:287).  
 
Although a number of studies attempted to validate imaging methods for the assessment of 
liver volume, there is still no clear evidence regarding the most accurate method of this 
evaluation (D’Onofrio et al., 2014:62; Izranov et al., (2018:289). The ex-vivo study of Izranov 
et al., (2018:286) measured the livers of 34 cadavers according to liver diameters obtained in 
clinical ultrasound. Several previous formulas were subsequently tested and an average 
deviation of 23% to 56% from actual liver volume was recorded (Izranov et al., 2018:289). 
This represented an unsatisfactory high error in the respective formulas with the exception of 
the Childs formula which showed a 1% deviation (Childs et al., 2016b:50; Izranov et al., 
2018:289). Although the standard deviation of (27%) highlights the insufficient accuracy of 
the Childs formula (Childs et al.,2016:50; Izranov et al., 2018:289), it is significantly (1.66-
2.23 times) better than any of the other formulae (Izranov et al., 2018:289). Although not 
perfect, Izranov et al., (2018:289), subsequently, advocate for the adoption of the Childs 
technique and equation, based on their belief that it renders the best results when compared to 




2.5 EFFECT OF LIVER SIZE ON PATIENT MANAGEMENT  
The accurate determination of liver volume is imperative in patients with chronic liver disease, 
since the size of the remaining liver is seen as an important prognostic factor (Lim et al., 
2014:888). Additionally, liver volumetry is a useful clinical tool for patients undergoing major 
hepatic resection (Gotra, Sivakumaran, Chartrand, Vu, Vandenbroucke-Menu, Kauffmann, 
Kadoury, Gallix, de Guise & Tang, 2017:378). Not only is liver volumetry performed for the 
resection of liver tumours, but additionally, pre-transplant volumetry is indicated to ensure 
appropriate graft size for successful donor and recipient outcomes (Gotra et al., 2017:380). 
Since liver volume is reduced after hepatectomy, it must be ensured that the remaining liver 
volume is sufficient to maintain adequate liver function (Huynh, Karademir, Oto & Suzuki1, 
2014:5). 
  
Ultrasound evaluation of the size of the liver can, moreover, be useful for clinicians to aid in 
the diagnosis of liver disease or to track disease progress and response to treatment over time 
(Childs et al., 2016a:125). As cirrhosis progresses, liver volume generally decreases. A smaller 
liver volume by radiologic estimation has been shown to correlate with increased mortality and 
necessity for transplantation in patients with acute liver failure (Hagan, Sayuk, Lisker-




It is clear that the challenge of accurately determining liver size and volume remains a 
controversial topic even in the 21st century (Izranov et al., 2018:289).  Linear ultrasound 
measurements of the RLL, using the mid-clavicular line have proved to be a practical method 
for routine use, however liver volume remains the most precise way of quantifying liver size 
(Gosnick & Leymaster, 1981:44). The need for simple, reliable and valid two-dimensional 
measurements and a reference value to differentiate between normal and abnormal livers, 
therefore, prompted Childs and co-workers to develop a formula for the calculation of liver 
volume which could compare with CT volume calculations (Childs et al., 2016a:126). 





CHAPTER 3  
METHODOLOGY 
3.1 INTRODUCTION 
Liver size is an important indicator of liver disease, with medical imaging playing a vital role 
in the identification of liver pathology. The accurate estimation of liver size is thus useful in 
diagnosing disease, monitoring disease progression and evaluating response to treatment 
(Riestra-Candelaria, Rodríguez-Mojica, Vázquez-Quiñones, & Jorge, 2016:12). Computed 
Tomography (CT) and Magnetic Resonance Imaging (MRI) are currently considered the gold 
standard for the calculation of liver size, with volume calculation being the measure of choice. 
Although ultrasound is often the first imaging investigation when liver pathology is suspected, 
the operator dependent nature of this modality compromises the reproducibility of non-
standardised linear liver measurements.  
 
The purpose of this chapter is to present a detailed account of the research process which guided 
this study. The aim of this quantitative comparative, descriptive study was to test a newly 
proposed technique and equation for liver volume calculation as compared to CT volumes, as 
an alternative way of quantifying liver size.  The outline of the chapter is as follows: 
 
Figure 3.1: Illustration of the outline for Chapter 3 (Dhanji, 2020) 
 
3.1 Outline 
3.2 Research setting 
3.3 Research population
3.4 Research design 
3.5 Validity and reliabilty 
3.6 Computed tomograpghy and ultrasound 
measurments and scanning protocol 






3.2 RESEARCH SETTING 
Data was collected over a 13-month period, from January 2019 to January 2020, at a private 
radiology practice in Johannesburg, South Africa. The study protocol was peer reviewed and 
ethical clearance was obtained from the Higher Degrees and Research Ethics Committees of 
the Faculty of Health Sciences, University of Johannesburg (Annexures A), before the study 
commenced. Permission was also obtained from the practice manager for the use of the 
equipment as well as access to patient data (Annexure B).  
 
The practice was considered as an ideal location since it has a fully functional radiology 
imaging department, comprising of state-of-the-art CT and ultrasound equipment. The practice 
is, furthermore, situated in a busy private hospital and receives referrals from renowned 
surgeons who specialize in liver disorders and transplants. It was, thus, anticipated that the 
number of participants required to yield meaningful statistical data, would be attained within 
the prescribed research period.  
 
 
3.3 RESEARCH POPULATION  
A study population can be defined as the total number of possible participants before the 
exclusion criteria is applied, in other words; the study population is the parent group from 
which a sample is to be derived (Pandey & Pandey., 2015:40).  The study population and the 
study sample share a common set of characteristics, allowing them to meet the predetermined 
study criteria (Brink, 2009:123; Grove, Gray & Burns, 2014:250).   
 
The target population in this study consisted of all patients who were referred for a CT scan of 
the abdomen for a variety of reasons (Leedy & Ormrod, 2010:212: Du Poy & Gitlin, 2016:200). 
However, only those patients who presented with a normal healthy liver, as determined by a 
CT scan, were considered for participation in the study.  
 
3.3.1 Sampling technique   
A sample can be defined as a subset of the population with the characteristics needed for 
participation in a particular research study. Alternately, sampling is the process of gathering 
information by selecting a smaller group of subjects in such a way that the individuals represent 




A quota non-probability sampling procedure was used to recruit participants from a 
predetermined population of patients who had been booked for a CT of the abdomen. This 
sampling method was selected because it would allow for participants with the desired traits to 
be recruited in an efficient manner not to compromise time to the researcher, participants or 
the practice. Patients who fit the inclusion criteria were subsequently approached by the 
researcher for participation. Although this technique may not precisely represent the entire 
population, it allowed the researcher to select participants from whom information could be 
obtained to meet the aim of this study. 
 
An information letter, outlining the aim of the study, was given to prospective participants 
(Annexure C). Suitable participants, who agreed to participate via a consent form (Annexure 
D), received an additional limited ultrasound examination of the liver at no additional cost. 
 
3.3.2 Inclusion criteria 
Patients consistent with the selection criteria indicated below were considered for inclusion in 
the study.  
1. Adult patients between 18 – 60 years, who had been referred for a CT scan of the 
abdomen and were free of conditions such as neoplastic, inflammatory, metabolic 
diseases or anatomical variants which affect liver size (Mabrouk Kheiralla et al., 
2016:27). Since liver size decreases with age, no patients older than 60 were included 
in the study (Kratzer et al., 2003:1157; Ahmad & Stojanovic., 2016:1544; Agrawal, 
Lalwani, Asghar, Sahai, Sharma & Singh, 2009:3).  
 
2. Height and weight were measured before the patient was considered for participation 
in the study. Only patients with a normal BMI between 20 and 24.9 were included, 
based on a previous conclusion that a BMI >25 yielded unsatisfactory volume 





Figure 3.2: Body Mass Index (BMI) (Dhanji, 2020) 
 
BMI Formula = weight (kg) / [height (m)]2 
Calculation: [weight (kg) / height (cm) / height (cm)] x 10,000 
 
3.3.3 Exclusion criteria 
1. Since volumes were calculated in order to obtain a range of values for normal livers, 
patients who presented with a suspicion of liver pathology on CT were automatically 
excluded from participation.  
2. Patients with any condition which change the size of the liver, including known liver 
pathologies such as malignancy or benign tumours, NAFLD, liver transplant recipients 
or after liver resection, were excluded from the study. 
3.  Patients who were in not in the BMI range 20-24.9 were also excluded from the study. 
 
3.3.4 Sample size 
A study sample, adequate to achieve the objective of the research enquiry and suitable to the 
study design, was sought. Factors, including the data collection method, type of statistical 
analyses employed, attrition rate and available financial resources were additionally considered 
in determining the most appropriate study sample (Pandey, & Pandey, 2015:41). Since a 
formula to calculate a sample size for non-randomized research designs is not yet available, a 
non-statistical method was used to determine the sample size, (Gu-Liang, Man-Lai, Liu, Tan, 












After consulting with a statistician, and considering the above key factors in determining the 
sample size, the researcher was advised on a sample of a minimum 100 participants to ensure 
reliable statistical analysis. 
 
 
3.4 RESEARCH DESIGN 
A research design comprises a set of logical steps in a quest to answer the research question. 
It, therefore, determines the methodology employed to collect, analyse and interpret the data 
(Creswell, 2009:5; Burns & Grove, 2007:237; Brink et al., 2012:96). The aim of this 
quantitative, comparative and descriptive study was to test a technique and equation, developed 
by a previous group of researchers, for ultrasound liver volume calculation when compared to 
CT. A questionnaire designed to collect anthropometric data was used. The type of data 
collected and the aim of the study was best suited to a quantitative comparative, descriptive 
study design.   
 
A quantitative research design refers to a research method which uses objective measurements 
of statistical, mathematical and numerical data collected via various methods (Babbie, 
2010:413). Mugenda & Mugenda (2003, 158-159) describe the purpose of comparison as a 
means to determine discrepancies between an existing set of conditions and a desired set of 
conditions. The purpose of a quantitative comparative, descriptive design is, thus, to compare 
ultrasound liver volume calculation on patients with healthy livers, with CT volumes, 
calculated on the same participants, as the gold standard.  It focuses on gathering numerical 
data and generalising it across groups of people to describe a particular phenomenon” (Babbie, 
2010:413). A quantitative comparative methodology was, therefore, deemed suitable because 
the researcher aimed to collect the data to either confirm or refute the newly proposed 
ultrasound liver volume technique and calculation, as proposed by Childs and co-workers. As 
an added advantage, this design is inexpensive, permits the use of a large study population and 
does not involve an experiment (Creswell, 2014:55). 
 
Three sets of numerical data were collected for each participant; two sets consisting of three 
linear liver measurements each, from which ultrasound volumes were calculated and a third set 
consisting of CT volumes for comparative purposes. All three ultrasound measurements were 
repeated on a second set of images for each participant to control for human error. The mean 
of each measurement was, subsequently, used for volume calculation during data analysis. The 
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third set, comprising of CT liver volumes, was calculated using a semi-automated method to 
outline liver borders and software provided by a radiologist. The data sets were correlated to 
be in line with the hypothesis proposed by Childs et al., (2016a:126-127) which theorised that 
the new technique and calculation could yield similar results as CT volume calculation.  
 
In a comparative study, the researcher examines if, and to what degree, a statistical relationship 
exists between two or more variables (Creswell, 2014:55). A comparative study was best suited 
for achieving the first study objective and aided in determining a relationship between 
ultrasound volumes, obtained according to the Childs method, and CT liver volume 
calculations, via statistical means. Data analysis, thus, required a detailed description of the 
study variables in an approach which is consistent with the definition of descriptive research. 
Descriptive research is used when more information is required on a particular phenomenon as 
it occurs naturally (Creswell, 2014:55). 
 
Data being collected over a 13-month period was, furthermore, consistent with a cross-
sectional study design (Creswell, 2014:55).  
 
 
3.5 VALIDITY AND RELIABILITY  
Kumar (2011:350) defined validity as a means of determining whether a data collection tool 
measures what it was set to measure. Various aspects of validity should be considered in 
determining the overall accuracy of the study outcomes.  
 
Content validity refers to how well the instrument represents all the components of the variable 
to be measured (Kumar, 2011:166).  In this study, content validity was established by drawing 
from the literature to enhance the correlation of concepts; making use of experts in the field of 
study, such as radiologists; and using a pilot study to confirm the relevance of the content 
included in the data collection tool and whether the content was adequate in answering the 
research question. 
 
Internal validity refers to the extent to which all items on an instrument measure the same 
variable (Kumar, 2011:166).  The checklist used in this study remains untested, as it is a newly 




External validity refers to the ability of the study findings to be generalised.  The use of non-
probability quota sampling, unfortunately, only allows a limited generalization of findings to 
other settings (Kumar, 2011:166).   However, generalisability was enhanced by the fact that a 
standardised scanning protocol and reporting check list was used to demonstrate and document 
the findings.   
 
Reliability is defined as the stability of the measurement or the degree to which a measurement 
is obtained in the same way each time to ensure that the same results are obtained consistently 
(Kumar, 2011:168). To control for the threat of operator variability all ultrasound scans were 
performed by the researcher, who is a qualified sonographer with extensive experience in liver 
scanning. Furthermore, the measuring technique was practised before the study commenced to 
ensure that a standardised scanning and measuring protocol would be employed during the 
study.  All linear measurements were repeated on a second set of images to control for human 
error and the mean of each measurement was used for volume calculation.  
 
Two similar Toshiba Aplio i400 ultrasound units (serial numbers WIE1343678 and 
W7C1822013), each equipped with a 7 – 14MHz curvilinear transducer and automatic 
calibration function, were used for all the scans. The threat of equipment variability was thus 
also controlled. 
 
The reliability of the ultrasound measurements was further enhanced through an audit by an 
independent radiologist to ensure the integrity and internal validity of the BMI calculation and 
ultrasound measurements. The linear ultrasound measurements were compared to and 
measured according to the example provided by Childs and co-authors (Childs et al., 
2016a:127) and, subsequently, reviewed by a radiologist. Both CT and ultrasound records of 
all participants were double checked by the radiologist to ensure they met the inclusion criteria. 
 
 
3.6 DATA COLLECTION PROCEDURE 
Data was collected in two phases 
 
3.6.1 Phase 1.  Computed tomography calculations   
3.6.1.1 Equipment  
43 
 
CT volume measurements were obtained using a Philips Ingenuity 64 slice CT scanner with 
iDose (5) software. 
 
3.6.1.2 Patient position  
 All CT scans were undertaken using a standardised contrasted abdominal imaging protocol 
with the patient in a supine position, feet first and arms above the head (Figure 3.2) to avoid 
beam hardening artefact. Image acquisition took place during full inspiration and after 
intravenous contrast was administered by a power injector, using the bolus tracking technique.   
 
 




3.6.1.3 CT volume calculation technique  
Digital Imaging and Communication in Medicine (DICOM) images were reviewed on the 
Philips Intellispace Portal version 5 (Philips Healthcare, Eindhoven, The Netherlands) and liver 
volumes calculated using the semi-automatic liver segmentation analysis application with 
mapping of vascular and biliary structures. CT volumes were calculated by a dedicated 
radiologist as per standard protocol and no additional radiation or time accrued to the patient 
due to the study objectives.   
 
For volume calculation an experienced radiologist reviewed individual slices and manually 
adjusted the image by removing tissue incorrectly identified as liver or by adding liver tissue 
incorrectly excluded from the measurement after automated liver extraction was applied. The 
reliability of this technique has been demonstrated in a previous study which achieved high 
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intra- and inter-rater reliability (Childs et al., 2015:20). Figure 3.3 provides an example of a 
reconstructed liver and volume calculation performed by similar software (Childs et al., 
2016a:126, Childs et al., 2015:18-20). 
 
Figure 3.3: Computed tomography of liver volume determined by liver segmentation and 
analysis software (Terreblanche, 2020).        
 
One of the most critical factors in obtaining accurate CT volume measurements of the liver is 
the experience of the radiologist.  For the purpose of this study all CT volume calculations were 
performed by a single radiologist who has extensive experience in CT and MRI liver volume 
calculation.  A standardized protocol was adopted, as recommended by Childs et al., 
(2016a:126-127), to ensure all the patients were scanned in the same way. 
 
3.6.2 Phase 2: Ultrasound measurements 
3.6.2.1 Equipment 
All the participants were scanned using one of two similar Toshiba Aplio I400 machines, serial 
numbers: WEI1343678 and W7C1822013, both boasting a 7-15 MHz curvi-linear transducer. 
 
3.6.2.2 Patient position  
Participants were in a left posterior oblique position and the body rotated 45⁰ away from the 
sonographer to displace abdominal organs and gas. The right hand was placed above the head 
while the arm was abducted and externally rotated to widen the intercostal spaces which, 
subsequently, reduced shadowing and improved visualization of the liver (Figure 3.4) (Childs 
et al., 2016a:126; Riestra-Candelaria et al., 2018:182). Participants were also asked to take a 
deep breath to displace the diaphragm inferiorly while capturing an image for measurement 
(Riestra-Candelaria et al., 2018:182). 
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Figure 3.4: Patient in a left posterior oblique (LLO) position to capture the left lobe of 
liver with probe in a sagittal position (Dhanji, 2020). 
 
3.6.2.3 Scanning and measuring technique left lobe of liver 
With the patient in the left posterior oblique position as described in 3.6.2.2 above (Dietrich, 
Serra & Jedrzejczyk, 2010) the probe was orientated longitudinally and placed on the 
midsagittal line below the xiphysternum. This image demonstrated the left lobe of the liver in 
a long section (Figure 3.5), a transverse section of the portal vein and long section of the inferior 
vena cava. The maximum AP distance of the left lobe was subsequently measured. 
 
Figure 3.5 Sonographic image of the left lobe of liver with the max antero-posterior 
measurement (Dhanji, 2020) 
 
3.6.2.4 Scanning and measuring technique right lobe of liver 
With the patient in the same position (LPO) and the transducer orientated longitudinally in the 
right MCL (Figure 3.6) a longitudinal image of the right lobe was obtained by drawing a 
vertical line halfway between the mid-sagittal line and the right lateral border of the liver. This 
image was obtained demonstrating the right lobe of the liver, right hemi-diaphragm and a 
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sagittal section of the right kidney. The maximum diagonal dome to tip (DT) distance was 
measured on this image (Figure 3.7).  
 
Figure 3.6: Probe and patient position to capture the right lobe of liver (Dhanji, 2020). 
 
Dome to tip measurements were performed in an oblique line from the mid-right hemi-
diaphragm, indicating the upper border of the liver, to the most inferior liver border anteriorly 
(Figure 3.6) (Trujillo, Krinsky & Kim, 2017:84). 
 
Figure 3.7: Sonographic image of the largest dome to tip (DT) measurement in the 
midclavicular line during inspiration (Dhanji, 2020). 
 
The maximum antero-posterior (AP) measurement of the right lobe was also obtained from the 




Figure 3.8: Sonographic image of the right lobe of liver with maximum AP measurement 
in MCL during inspiration (Dhanji, 2020). 
 
Linear liver measurements were, thus, performed in three (3) planes in order to achieve a 
volume calculation: 
1. Maximum left lobe AP measurement  
2. Maximum right lobe DT measurement  
3. Maximum right lobe AP measurement obtained from the same MCL image (Childs et 
al., 2014b:119).  
 
These measurements were repeated on a second set of images to control for human error and 
the mean of each measurement was used for volume calculation. Both CT and ultrasound data 
were recorded on a standardized reporting template to ensure ease of comparison (Annexure 
E). Liver volumes were calculated based on Childs’s proposed equation. 
 
 
efficient) x A x B x C] A = -) = 343.71(constant) + [0.84(regression co3Liver volume (cm
(Lt. lobe AP), B = (Rt. lobe DT) and C = (Rt. lobe AP)  
(Childs et al., 2016a:129) 
 
 
3.7     DATA ANALYSIS 
On the recommendation of the statistician 100 participants were recruited to allow for 
meaningful statistical analysis. Data was analysed in two categories:  
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3.7.1. Descriptive statistics  
These are presented as frequency tables to describe the sample and summarize variable 
 Data was tested for a symmetrical distribution, with a 95% confidence around the mean, in 
order to select the most appropriate statistical test for comparison of groups. The Shapiro 
Wilk test was used to determine if data was normally distributed for groups <50, while the 
Kolmogorov-Smirnov test was used to determine if data was normally distributed for groups 
>50. Graphs were employed to highlight significant findings.  
 
Intra-class correlation analysis was used through a test-retest process to test for consistency 
or “absolute agreement” between the two sets of linear ultrasound measurements and liver 
volumes (non-categorical data), in order to prove the reliability thereof. 
 
3.7.2. Inferential statistics, with a focus on comparative analysis, was employed for the 
following subcategories:  
a) Comparison between liver size and age 
b) Comparison between liver size and gender 
c) Comparison between ultrasound and CT liver volumes 
The more robust Independent Samples T Test was used when a normal distribution of data was 
confirmed, while the non-parametric Kruskal-Wallis test was used for abnormally distributed 
data, since ranks do not incorporate outliers.  
 
BMI for the overall sample was tested, using the Kolmogorov-Smirnov test, to determine if 
there is a correlation between liver volume and BMI in a healthy population.  
 
 
3.8 ETHICAL CONSIDERATIONS 
Approval to conduct the study was obtained from the University of Johannesburg, Faculty of 
Health Sciences, Higher Degrees and Research Ethics Committees (Annexures A). Moreover, 
permission had been obtained from the practice manager for the use of the ultrasound 
equipment and access to patients from whom data could be collected (Annexure C). The study 
protocol, CT and ultrasound images were peer reviewed by the radiologist in the radiology 




For this study the right to privacy and confidentiality was protected by assigning a unique 
research number to each participant. Participants’ personal details and research data were 
stored on a flash disc and kept in a secure placed to which only the researcher and the 
radiologist had access. The study results were additionally kept in a secure place for the 
duration of the study and a minimum of six years after the completion of the study as per the 
HPCSA guidelines (Dhai & McQoid-Mason, 2011:430; Health Professions Council of South 
Africa, 2008:11). To protect participant’s privacy no third party was allowed into the room 
during the ultrasound examination.  
 
The right to freedom of choice, expression and access to information was adhered to by 
providing participants with an information sheet detailing the research purpose and procedure 
(Annexure D). Voluntary participation was expressed by the completion of the consent form 
(Annexure E). Participants were free to withdraw from the study, should they have wished to 
do so, without any consequence. Results of the study will be made available to participants on 
request.  
 
The right to equality, justice and protection from harm was achieved by ensuring that all 
patients who complied with the inclusion criteria were given an equal opportunity to participate 
in the study. All participants were treated with dignity by allowing them the freedom to consent 
to participation or withdraw from the study at any given time. To minimize potential biological 
effects, the As Low As Reasonably Achievable (ALARA) principle, as applicable to high 
frequency sound waves, was adhered to. Since participants with normal looking livers, as 
determined by CT, were recruited for this study, patient management was not influenced by 
the ultrasound examination. Had the ultrasound scan revealed any pathology not detected by 
CT the patient would have been informed accordingly to allow follow-up and management. 
Although there were no direct benefits to the participants, it is anticipated that the findings will 
contribute to the scientific body of knowledge in this domain.  
 
Ethical conduct was adhered to during the writing of the dissertation by ensuring that all 
contributions were acknowledged and that the data has been presented honestly without 
manipulation. It is worth highlighting that data was collected between January 2019 and 
January 2020. The period of data collection for this research was, therefore, prior to the 
outbreak of the 2019 Corona virus disease (COVID-19) in South Africa. Hence, there was no 
50 
 
need to observe patient safety guidelines specific to prevent cross-infection relating to COVID-
19.   
 
 
3.9 POSSIBLE OUTCOMES 
On completion of this study, the researcher hoped to confirm and adopt liver volume 
calculations, as proposed by Childs and co-workers, as a reliable alternate way of liver 
quantification using ultrasound. It is, thus, anticipated that the results of this study will be 
valuable to establish best ultrasound practice for the quantification of liver size in the hope to 
avoid exposure to radiation from CT and exorbitant costs, especially for patients who require 
follow up scans to monitor liver size. If proving reliable, results will be disseminated as a 




This quantitative comparative study was performed at a private practice in Johannesburg. All 
patients who were referred for a contrasted CT of the abdomen, and fit the study criteria, were 
invited to partake in the study using a quota non-probability sampling technique.  A standard 
ultrasound scanning protocol, as described by Childs et al., (2016a:126) was used in 
conjunction with a checklist to ensure all participants were scanned in exactly the same manner. 
Two (2) sets of measurements were taken and averaged, as per the statistician’s 
recommendation, to minimize human error.  Participants were scanned using the same high-
end ultrasound machines with a curvi-linear transducer to ensure that the best quality images 
were produced. The research protocol was peer reviewed and permission was obtained from 
the Higher Degrees and Ethics committees.  All ethical considerations were observed in line 













Research involves the gathering of information to address specific research questions. Since 
linear liver measurements are perceived as being unreliable, the question to be answered in this 
study was: “Can Childs’s newly proposed formula for liver volume calculation, be adopted as 
a reliable way of quantifying liver size?” Although Childs and co-workers (2016a:129) recently 
formulated a technique and equation for the ultrasound calculation of liver volume, and 
suggested that this formula may be a better indicator of liver size than any single linear 
measurement in current use, this needed to be tested and the proposed reference interval 
confirmed, in order for it to be accepted more widely. Unbeknown to us at the time of data 
collection, another group of researchers was interrogating the Childs proposal with the same 
aim in mind. Reference to this study, by Farghaly and co-workers, which was published in 
2019, will be made in the discussion chapter.  
 
 
4.2  RESEARCH AIM 
The aim of this quantitative, comparative and descriptive study was, thus, to test a technique 
and equation, developed by a previous group of researchers, for ultrasound liver volume 
calculation when compared to CT. The following study objectives are crucial in achieving the 
primary study aim. 
 
 
4.3  RESEARCH OBJECTIVES 
Objective 1: To test the technique and equation developed by Childs and co-workers for the 
calculation of liver volume using three linear ultrasound measurements, by comparing it to 
volumes obtained with CT segmentation analysis in the same population.  
 
This study used three simple linear measurements combined with patient’s age, height, weight 
and body mass index (BMI) to calculate liver volumes, using the Childs formula to determine 
normal volume ranges.  Ultrasound volumes were subsequently compared to those derived 
from CT scans on patients who had to undergo a CT scan for reasons unrelated to liver 




The Childs initial study was based on a relatively small sample of 55 normal livers (Childs et 
al., 2016a:128). There was, thus, a need to test the equation on a larger sample size to determine 
the reliability of their findings. 
 
Objective 2: To confirm the reference range for normal liver volumes, as proposed by Childs 
and co-workers. Cut off volumes were additionally determined to establish and confirm a 
reference range for normal livers. 
 
 
4.4  OVERVIEW OF DATA PRESENTATION AND ANALYSIS 
This chapter presents the statistical analysis of data obtained during the study. Data analysis 
requires the use of a set of statistical tools which reduces the amount of detail in the data, to 
summarise it and highlight the most important findings (Howell, 2011:6). With the aid of 
descriptive statistics, a preliminary analysis of the results was performed to organise the data 
into a more comprehensible format.  The results of the descriptive statistics were summarised 
and presented in frequency distribution tables. The purpose of descriptive statistics is to present 
a brief overview of the research data prior to formal analysis through statistical tests.  
 
In this section, the empirical findings of the study variables are disclosed. Inferential statistics 
were subsequently employed to determine the relationship between variables. The research 
outcomes were captured and analysed using an International Business Machine (IBM) and 
version 22 of the Statistical Package for the Social Sciences (SPSS) software. 
 
Research results are reported in a structured manner by dividing it into seven main sections as 
per Table 4.1.   
1. Section one provides a brief description and summary of the frequencies and descriptive 
statistics of the biographical data, liver measurements and volumes. In this section the data 
is presented as simple frequency counts, means, standard deviations and ranges.  
2. Section two provides inferential statistics with a description of intra-class correlations. 
3. Section three reports on tests of normality of data in order to select the correct test of 
comparison between variables. 
4. Section four reports on actual comparisons between groups while 
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5. Section five interrogates correlations between identified variables. 
6. Section six reports on cut-off values for ultrasound liver volumes in a healthy population, 
and lastly  
7. Section seven provides a summary of the chapter. 
 
 
Table 4.1 Overview of data presentation  
SECTION ONE: DESCRIPTIVE STATISTICS 
The purpose of the frequency tables is to describe the sample and summarize variables. 
Section one (A) 
Biographical data 
Section one (B) 
Anthropometric variables, CT volumes, ultrasound linear measurements and ultrasound volumes 
SECTION TWO: INTRA-CLASS CORRELATIONS 
INFERENTIAL STATISTICS 
The purpose of intra-class correlations was to use a test-retest process to test for consistency or “absolute 
agreement” between the two sets of linear ultrasound measurements and liver volumes (non-categorical data), 
in order to prove the reliability thereof.  
STATISTICAL ANALYSIS 
An intra-class correlation coefficient between 0 and 1 indicates the degree of agreement with 
a) 0.5 – 0.75 indicating moderate reliability 
b)  >0.75 – 0.9 indicating good reliability 
c) >0.9 indicating excellent reliability  
SECTION THREE: TESTS OF NORMALITY 
Data was tested for a symmetrical distribution with a 95% confidence around the mean  
in order to select the most appropriate statistical test for comparison of groups. 
STATISTICAL ANALYSIS 
The Shapiro Wilk test was used to determine if 
data was normally distributed for groups <50 
The Kolmogorov-Smirnov test was used to determine 
if data was normally distributed for groups >50 
A p-value of ≥ 0.05 indicates a normal distribution the null hypothesis is accepted  
A parametric test is used for comparison 
A p-value of <0.05 indicates that data is not normally distributed and the null hypothesis is rejected  
A non-parametric test is used to test for comparisons 
SECTION FOUR: COMPARISONS BETWEEN VARIABLES 
Objective of the study 
The main objective of this study was to test an equation, developed by Childs and co-workers, for the 
calculation of liver volume by comparing ultrasound volumes to CT volumes. 
Normal distribution 
The more robust Independent Samples T Test was 
used when a normal distribution of data was 
confirmed 
Abnormal distribution 
The non-parametric Kruskal-Wallis test was used for 
abnormally distributed data since ranks do not 
incorporate outliers 
Section four (A) 
Comparison between liver size and age 
Section four (B) 
Comparison between liver size and gender 
Section four (C) 
Comparison between CT volumes and US volumes 
SECTION FIVE: CORRELATION BETWEEN LIVER SIZE AND BMI 
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BMI for the overall sample was used to determine if there is a correlation between liver volume and BMI 
in a healthy population. Hence the Kolmogorov-Smirnov test was used (sample size >50) 
SECTION SIX: REFERENCE RANGE 
Ultrasound cut off volumes were determined to establish a reference range for normal livers 
Section six (A) 
Description of CT and US volumes 
Section six (B) 
Percentiles 
Section six (C) 
Tests of normality 
Section six (D) 
Reference ranges 
SECTION SEVEN: SUMMARY  
The final section provides a summary of the results 
 
 
4.5 SECTION ONE: DESCRIPTIVE STATISTICS 
 
4.5.1 SECTION ONE:  DESCRIPTIVES 
Descriptive statistics involves summarizing and organizing the data so it can be easily 
understood. Traditionally frequency tables are employed to describe the sample, summarize 
variables and provide an overview of the data prior to formal analysis through statistical tests. 
 
4.5.1.1 Section one (A): Description of biographical data 
Table 4.2 below portrays the frequency counts and cumulative percentages of study variables 
as a function of biographical data. 
 
Table 4.2 Biographical data  
VARIABLE FREQUENCY 
N = 100 
PERCENTAGE 
Male 31 31 % 
Female 69 69 % 
VARIABLE FREQUENCY 
N = 100 
PERCENTAGE 
18 – 30 17 17 % 
31 – 40 28 28 % 
41 – 50 28 28 % 
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51 – 60 27 27 % 
 
This table shows that the majority of the participants were females (69%). Age categories were 
equally represented although the age group 18-30 years had the smallest representation (17%).  
 
4.5.1.2 Section one (B): Anthropometric variables, CT volumes, ultrasound linear 
measurements and ultrasound volumes 
 
Ultrasound linear measurements as well as liver volume calculations for both CT and 
ultrasound are summarised in this section. Two separate ultrasound measurements were 
performed for each participant to control for intra-rater variability, and the mean used for the 
final volume calculation  
 
Table 4.3 Summary of anthropometric variables, CT volumes, ultrasound linear 
measurements and ultrasound volumes 
VARIABLE 
N = 100 
Mean  Median  Std. 
Deviation 
Min  Max 
Height (m) 1.68 1.67 0.094 1.48 2.08 
Weight (kg) 64.19 62.95 8.509 50.0 99.7 
BMI 22.80 22.81 1.47 20.05 24.96 
CT Liver Volume  1419.85 1358.50 343.49 972 2893 
Lt.LobeAP_US1  6.3370 6.1550 1.41 3.67 10.75 
Rt.LobeDT_US1 (Dome to Tip)  14.51 14.165 1.71 11.39 20.07 
Rt.LobeAP_US1  11.072 11.1250 1.47 8.14 15.83 
Ultrasound Volume_US1  1227.22 1153.61 367.70 731.96 2827.21 
Lt.LobeAP_US2  6.48 6.26 1.61 3.76 14.82 
Rt.LobeDT_US2 (Dome to Tip )  14.32 14.19 1.81 10.18 20.83 
Rt.LobeAP_US2  10.94 10.92 1.61 4.92 14.73 
Ultrasound Volume_US2  1217.81 1154.97 347.58 668.69 2977.29 
 
The table above summarises the mean, standard deviation and range values for each variable 
interrogated in the study. The mean of each parameter in the two sets of ultrasound 
measurements were used for further analysis.  The table demonstrates that the mean height in 
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the study population was 1.6 metres, the mean weight 64.19kg and the mean BMI 22.80 in line 
with the inclusion criteria.  
 
The mean CT volume was 1419.85cm3 while the mean for ultrasound volume one (1) was 
1227.22 cm3 and for ultrasound volume two (2) 1217.79cm3, giving a mean average of 
1,222.506cm3.   
 
 
4.5.2 DESCRIPTION OF CT LIVER VOLUMES, ULTRASOUND LINEAR 
MEASUREMENTS AND ULTRASOUND VOLUMES PER AGE GROUP AND 
GENDER. 
Population distributions are defined by parameters such as the mean and standard deviation. 
Conversely ranking indicates a relationship between items in such a way that for any two items, 
the first is either 'ranked higher than', 'ranked lower than' or 'ranked equal to' the second 
(Kumar, 2012: 83). By reducing measures to a sequence of ordinal numbers, rankings make it 
possible to evaluate complex information. 
 
Table 4.4 Liver measurements and volumes per age group 
Volume CT 
cm3 
N = 100 Mean STD Median Mean 
rank 
Min  Max 
18 – 30 17 1370.71 390.46 1244.00 43.62 984.00 2413.00 
31 – 40 28 1484.96 436.04 1358.50 53.11 972.00 2893.00 
41 – 50 28 1402.36 309.27 137.50 50.11 985.00 2280.00 
51 – 60 27 1401.74 227.67 1388.00 52.54 992.00 1918.00 
Lt. Lobe 
AP_US 
N = 100 Mean STD Median Mean 
rank 
Minimum Maximum 
18 – 30 17 6.11 1.35 6.10 42.09 5.00 10.00 
31 – 40 28 6.19 1.39 6.40 48.36 4.00 10.00 
41 – 50 28 6.56 1.32 6.13 53.64 4.00 10.00 
51 – 60 27 6.65 1.57 6.85 54.76 4.00 10.00 
Rt. Lobe 
DT_US 
N = 100 Mean STD Median Mean 
rank 
Minimum Maximum 
18 – 30 17 14.52 1.46 13.995 50.59 13.00 18.00 
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31 – 40 28 14.84 1.80 14.70 56.20 12.00 20.00 
41 – 50 28 14.56 1.76 14.42 54.11 11.00 19.00 
51 – 60 27 13.78 1.35 13.89 40.80 11.00 16.00 
Rt. Lobe 
AP_US 
N = 100 Mean STD Median Mean 
rank 
Minimum  Maximum 
18 – 30 17 10.96 1.13 11.00 49.09 9.00 13.00 
31 – 40 28 11.04 1.70 11.03 49.71 8.00 15.00 
41 – 50 28 11.24 1.37 11.36 56.18 8.00 14.00 
51 – 60 27 10.753 1.434 10.950 46.31 8.00 13.00 
Volume US 
cm3 
N = 100 Mean STD Median Mean 
rank 
Minimum Maximum 
18 – 30 17 1194.87 363.54 1128.32 46.47 852.00 2159.00 
31 – 40 28 1239.61 446.53 1164.73 48.68 753.00 2902.00 
41 – 50 28 1265.67 294.28 1308.72 56.68 802.00 1803.00 
51 – 60 27 1177.41 279.64 1154.25 48.52 700.00 2902.00 
 
From the above table it is evident that CT volumes were the greatest for the age group 31 - 40 
(mean 1484.964cm3). Conversely, ultrasound volumes were bigger in the age group 41 – 50 
with a mean of 1265.671cm3. 
 
Although the smallest mean volume (1370.706cm3) for CT was recorded in the 18 – 30 age 
bracket, the smallest mean volume for ultrasound (1177.41 cm3) was found in the 51 – 60 age 
group. 
 
Table 4.5 Liver measurements and volumes per gender 
Volume CT N = 100 Mean  STD Median Minimum Maximum 
Female 69 1347.65 317.30 1293.00 972.00 2893.00 
Male 31 1580.550 349.97 1503.00 986.00 2413.00 
Lt. Lobe 
AP_US 
N = 100 Mean STD Median Minimum Maximum 
Female 69 5.89 1.11 5.81 3.76 10.10 





N = 100 Mean STD Median Minimum Maximum 
Female 69 14.30 1.50 14.03 11.10 18.935 
Male 31 14.80 1.93 14.74 10.80 20.450 
Rt. Lobe 
AP_US 
N = 100 Mean STD  Median Minimum Maximum 
Female 69 10.77 1.39 10.810 7.97 15.280 
Male 31 11.53 1.43 11.500 7.92 14.760 
Volume US N = 100 Mean STD Median Minimum Maximum 
Female 69 1117.94 256.32 1091.32 700.32 2010.762 
Male 31 1455.26 412.15 1385.81 894.49 2902.250 
 
From the above table it is evident that CT volumes were the greatest for males (mean 1580.55 
cm3). The same applied to the ultrasound volumes which were bigger in males than in female 
with a mean of 1455.26 cm3. The right lobe dome to tip measurement showed no significant 
difference between genders, however AP measurements for both left and right lobes were 
significantly different, with measurements for males being the larger of the two (Table 4.11). 
 
 
4.6 INFERENTIAL STATISTICS 
Inferential statistics allow a researcher to generalise the results from the sample to a population 
through testing the hypothesis that “the Childs technique and equation for liver volume 
calculation, corresponds to liver volumes using CT software”.  
 
4.6.1 SECTION TWO: INTRA-CLASS CORRELATIONS FOR TWO SETS OF 
LINEAR MEASUREMENTS  
In statistics, the intra-class correlation is used to describe how strongly units in the same group 
resemble each other. Based on a 2-way mixed effect test-retest model, intra-class correlations 
checked for reliability and consistency between two sets of linear ultrasound measurements, as 
measured by the same person, who in this case was the researcher. In this test the average 
between the two sets of data was used for analysis. Data consisted of three ultrasound 




Correlation coefficients test for absolute agreement which is represented by a value between 0 
– 1: moderate agreement/reliability is indicated by values between 0.5 – 0.75, good reliability 
by values >0.75 and excellent reliability by values >0.9. 
 
Table 4.6 Intra-class correlation coefficients 
Variable 
N = 100 
Mean Intra-class 
correlation 
P value < 0.05 
Reject null hypothesis  
Lt.LobeAP_US1  6.3370  
.844c 
 
.000 Lt.LobeAP_US2 6.3370 
Rt.LobeDT_US1  14.5108  
.898c 
 
.000 Rt.LobeDT_US2  14.3241 
Rt.LobeAP_US1 11.0722  
.868c 
 
.000 Rt.LobeAP_US2 10.9406 
Volume_US1 1227.2227  
.946c 
 
.000 Volume_US2 1217.7902 
Volume CT 1419.8500  
.734c 
 
.000 Volume US1 & US2 averaged 1222.5064 
c. This estimate is computed assuming the interaction effect is absent, because it is not estimable otherwise. 
 
The correlation statistics for each set of measurements revealed a good reliability for the left 
lobe AP (0.844c) and right lobe AP (0.868c), while the right lobe DT measurement achieved a 
correlation coefficient of 0.898 which can be classified as achieving near excellent consistency 
and reliability in the DT measuring technique.  
 
Volumes calculated by using the ultrasound measurements, achieved a 0.946 correlation, 
showing absolute agreement and consistency. The correlation between CT and ultrasound 
volumes, however, demonstrated moderate agreement (0.734) and thus highlighted the 





4.7 SECTION THREE: TESTS FOR NORMALITY OF DATA 
Many statistical tests make the assumption that the distribution of scores assumes a bell-shaped 
curve, with the greatest frequency of scores in the middle, flanked by smaller frequencies on 
either side (Gravetter & Wallnau, 2004:48). The assumption of normality, thus, needs to be 
checked before statistical procedures are conducted. This is especially critical when 
constructing reference intervals for variables, based on the assumption that the populations 
from which the samples are taken are normally distributed. 
 
The Kolmogorov-Smirnov (groups >50) and the Shapiro-Wilk (groups of <50) tests were 
employed for the assessment of the normality of data distribution in this study. These tests 
compared the scores in the sample to a normally distributed set of scores with the same mean 
and standard deviation (Ghasemi & Zahediasl, 2012:487). The degree of freedom (DF) 
indicates the number of candidates in each group.   
  










Volume_CT 18 to 30 0,860 17 0,015 
  31 to 40 0,880 28 0,004 
  41 to 50 0,934 28 0,076 
  51 to 60 0,981 27 0,876 
     
Lt.LobeAP_US 18 to 30 0,807 17 0,003 
  31 to 40 0,941 28 0,116 
  41 to 50 0,957 28 0,301 
  51 to 60 0,957 27 0,312 
     
Rt.LobeDT_US 18 to 30 0,906 17 0,087 
  31 to 40 0,873 28 0,003 
  41 to 50 0,988 28 0,978 
  51 to 60 0,949 27 0,205 
     
Rt.LobeAP_US 18 to 30 0,947 17 0,418 
  31 to 40 0,958 28 0,308 
  41 to 50 0,973 28 0,671 
  51 to 60 0,968 27 0,551 
     
Volume_US 18 to 30 0,785 17 0,001 
  31 to 40 0,806 28 0,000 
  41 to 50 0,951 28 0,208 




The table above demonstrates that although most of the data was normally distributed, in 
categories with a p-value of <0.05, the null hypothesis is rejected, implying that data in these 
subsections is not normally distributed... Histograms are available in Annexure H of the 
subsection that were not normally distributed. 
 
Figure 4.1 Demonstration of outliers for CT liver volumes per age group 
 
The figure above demonstrates outliers for age groups 18 – 30, 31 – 40 and 41 – 50 as pertaining 
to CT volumes. 
 

























Male .957 31 .243    
Female    .118 69 .018 
Lt.LobeAP_US 
Male .968 31 .458    
Female    .065 69 .200 
Rt.LobeDT_US 
Male .961 31 .304    
Female    .080 69 .200 
Rt.LobeAP_US 
Male .975 31 .675    
Female    .061 69 .200 
Volume_US 
Male .897 31 .006    





The Shapiro -Wilk test was used to test for normality of data in males (<50 participants), while 
the Kolmogorov-Smirnov test was employed for females (N = 69). From the table above, it is 
evident that data for gender was mostly normally distributed with the exception of CT volumes 
for females and ultrasound volumes for males. 
 
Table 4.9 Test of normality for overall BMI values.  
Variable 





BMI overall sample .125  .001 
Volume_CT .096  .024 
Lt.LobeAP_US .083  .089 
Rt.LobeDT_US .085  .072 
Rt.LobeAP_US .046  .200* 
Volume_US .101  .014 
 
The Kolmogorov-Smirnov test for groups >50 demonstrated that data was not normally 
distributed for overall BMI, CT and ultrasound volume calculations in the entire sample.  
 
 
4.8 SECTION FOUR: COMPARISONS BETWEEN VARIABLES 
4.8.1. Introduction 
The main objective of this study was to test a measuring technique and equation, developed by 
Childs and co-workers, for the calculation of liver volume, by comparing ultrasound volumes 
to CT volumes. Data was subsequently interrogated with comparative analysis, using the 
parametric T test when data was normally distributed and the Kruskal-Wallis non-parametric 
test when data was not normally distributed. 
 
4.8.2 Comparison between liver size and age  
In this category data was not normally distributed, as is evident by the outliers in most of the 
age groups (Figures 4.1 – 4.3). The Kruskal-Wallis non-parametric test was, therefore, 





 18 – 30   31 – 40        41 - 50 
Figures 4.2 – 4.4 Histograms portraying data distribution per age group 
 
Figures 4.2 – 4.4 clearly demonstrate the outliers for the age groups 18 – 30, 31 – 40 and 41 – 
50.  
 
Table 4.10 Comparison between liver size and age. 
Variable Kruskal-Wallis 
statistic 




1.321 3 .724 
Lt.LobeAP_US 
 
2.493 3 .477 
Rt.LobeDT_US 
 
4.533 3 .209 
Rt.LobeAP_US 
 
1.695 3 .638 
Volume_US 
 
1.834 3 .608 
 
As is evident from the Kruskal-Wallis test, there is no significant statistical difference between 
age groups and liver size and, therefore, the null hypothesis can be accepted (P >0.05). 
 
4.8.3 Comparison between liver size and gender 
Although data was somewhat skew for some of the variables, the more robust parametric 
Independent samples T- test was employed to test for a statistical difference between liver size 
and gender.  
 
Table 4.11   Comparison between liver size and gender 




Equal variances assumed .314 98 .001 





Equal variances assumed .108 98 .000 
Equal variances not assumed   .000 
Rt.LobeDT_US 
 
Equal variances assumed .179 98 .169 
Equal variances not assumed   .214 
Rt.LobeAP_US 
 
Equal variances assumed .999 98 .015 
Equal variances not assumed   .017 
Volume_US 
 
Equal variances assumed .027 98 .000 
Equal variances not assumed   .000 
 
The overall CT (p = .001) and ultrasound (p = .000) volumes and AP measurements were 
significantly higher for males than for females, which was to be expected. However, in our 
study the right lobe DT measurement showed no difference between males and females. This, 
hence, proves to be a good single measurement as it is reliable for both genders. The 
Kolmogorov - Smirnov test was performed as the sample was >50 in the group of female 
participants (N=69).                               
 
4.8.4 Comparison between CT volumes and US volumes 
A two-way mixed effects model was used to compute the Intra-class Correlation to check for 
agreement between CT and ultrasound volumes. Correlation coefficients test for absolute 
agreement which is represented by a value between 0 – 1: moderate reliability is indicated by 
values between 0.5 – 0.75, good reliability by values >0.75 and excellent reliability by values 
>0.9. With a value of 0.734, moderate to almost good agreement is indicated between CT and 
ultrasound volumes.   
 
 
4.9 SECTION FIVE: CORRELATION BETWEEN BMI AND LIVER VOLUME 
Height and weight were measured before the patient was considered to be recruited for the 
study. Based on a previous conclusion that a BMI >25 yielded unsatisfactory volume 
calculation, only patients with a BMI ≤25 were included in the study to ensure reliable 
reference values to define a normal population (Ahmad & Stojanovic, 2016:1545).  
 
The Kolmogorov-Smirnov test of normality for the entire sample (groups >50), revealed that 
data was not normally distributed for some of the variables. The Pearson test was, subsequently 
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employed for correlational analysis between liver size and BMI in a healthy population with 
an average BMI of 22.801. 
 
Table 4.12 Correlation between liver size and BMI     
Variable 
























Since healthy candidates with a BMI within the normal range (20.0 and 24.9) were recruited 
into the study, no correlation was expected between liver size and BMI. This implies that a 
reference range for normal liver volumes could be suggested.  
 
 
4.10 SECTION SIX: REFERENCE RANGE FOR ULTRASOUND VOLUMES  
4.10.1 Introduction 
In healthcare a reference range refers to a range of values which is considered normal for a 
physiologic measurement in healthy people. In clinical practice reference ranges are used by 
healthcare professionals for comparison, when a set of results are interpreted for a particular 
patient. Values within the reference range are based on the assumption that data is normally 
distributed indicating the lower and upper limits of normal 
(Marshall & Bangert, 2018:19). 
 
Our study revealed a range of 700.32 - 2902.2cm³ for ultrasound volumes and a range of 972 - 
2893cm³ for CT volumes. On the contrary, Childs et al., (2016b:49-50) suggested a reference 




Figure 4.5 Liver volume ranges before further analysis 
 
A graph was deemed an appropriate way to demonstrate the overlap between the CT and 
ultrasound volume ranges in our study and comparing them to the reference range published 
by Childs.  
  
4.10.2 Section six (A): Description of CT and US volumes 
The table below outlines the mean volume, standard deviation, range and 95% confidence 
interval for the mean. 
 
Table 4.13   Descriptive statistics for CT and ultrasound volume calculations 
Variable 
N = 100 
Mean STD Median Min  Max 95% confidence levels 
Lower  Upper 
Volume CT cm3 1419,850 343,491 1358,50 972,000 2893,000 1351,694 1488,006 
Variable 
N = 100 
Mean STD Median Min  Max 95% confidence levels 
Lower  Upper 
Volume US cm3 1222,506 348,120 1155,60 700,324 2902,250 1153,432 1291,581 
 
 
4.10.3 Section six (B): Percentiles 
A percentile is a statistical measure used to indicate a certain percentage of scores which fall 





Table 4.14 Percentiles for Volume CT and Ultrasound  
Percentiles  
Variable                  
  2.5 5 10 25 50 75 90 95 97.5 
Volume_CT 984,53 987,25 1049,50 1163,50 1358,50 1599,75 1889,90 2093,20 2343,18 
Volume_US 778,87 811,84 845,44 992,99 1155,60 1385,23 1628,98 1839,84 2081,34 
 
Table 4:14 demonstrates the CT and US volumes for the different percentiles with the 2.5 
percentile indicating the lower end and 97.5 percentile the upper end of the scores, while the 
mean is represented by the 50 percentile. 
 
CT and ultrasound volumes representing the 2.5 and 95.5 percentiles are additionally 
demonstrated in Figure 4.5, which does not provide evidence of a closer fit with ultrasound 
volumes calculated by Childs. Raw data for our entire sample was thus, subsequently, subjected 
to tests of normality in order to define a reference range which could be applied to clinical 




Figure 4.6 Liver volume ranges based on percentiles 
 
4.10.4 Section six (C): Tests of normality 
The Kolmogorov-Smirnov test for groups >50 was employed to assess data for the normality 




Table 4.15 Tests of normality for CT and ultrasound volumes.  
Kolmogorov-
Smirnova    
  Statistic Df p-value 
Volume_CT 0,096 100 0,024 
Volume_US 0,101 100 0,014 
 
With p-values of <0.05 for both CT and ultrasound volumes, it is evident that the data gathered 
in our study was not normally distributed. This is also demonstrated in the histograms below 
(Figures 4.6 and 4.7) in which it is clear that there are extreme outliers which are skewing the 
distribution towards the high end of the curve. 
 
 CT Volume distribution   US Volume distribution 
Figures 4.7 – 4.8 Histograms portraying data distribution for CT and US volumes 
 
4.10.5 Section six (D): Reference ranges with clinical significance 
Two scenarios were subsequently developed from which the most appropriate reference range 
for our study could be suggested.  
 
4.10.5.1 In scenario 1 all the outliers were excluded; these constituted cases 66, 84 & 1 for CT 
and Cases 66, 35 & 57 for ultrasound volumes.  
   




The result for scenario 1 is portrayed in figure 4.11. 
 
Figure 4.11 Liver volume ranges excluding all outliers 
 
4.10.5.2 In scenario 2 only the most extreme outliers were excluded from the range. This 
constituted case 35 for CT (highest value = 2893) and case 1 for ultrasound (highest value = 
2902). The resultant volume reference ranges for scenario 2 are portrayed in Figure 4.12. 
 
Figure 4.12 Liver volume ranges excluding extreme outliers 
Based on the new streamlined ranges, a reference range will be suggested for adoption in 
clinical practice as discussed in Chapter 5. 
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4.11 SECTION SEVEN: SUMMARY OF RESULTS. 
Previous studies assessing liver size, using a single measurement or volume calculation, 
yielded contradictory results.  The researcher, thus, set out to test the technique and equation, 
for liver volume calculation and reference range, as suggested by Childs and co-workers.    
 
Tests for normality of data distribution showed that the data for gender was mostly normally 
distributed with the exception of CT volumes for females and ultrasound volumes for males.  
 
The Kruskal-Wallis test showed that there was no significant statistical difference between age 
group and liver size. 
 
Comparison between liver size and gender demonstrated that the right lobe DT measurement 
showed no difference between males and females. This has clinical significance since it proves 
to be a good single measurement as it is reliable for both genders. 
 
The lack of correlation between liver size and BMI implies that a reference range for normal 
liver volumes could hopefully be suggested in a population with an average BMI of 22.8. 
 
Importantly, with a correlation coefficient of 0.734, moderate to almost good agreement is 
indicated between CT and ultrasound volumes in our study. After the raw data was subjected 
to a test of normality, two scenarios ensued.  
1. Reference range exclusive of all outliers and  
2. Reference range excluding the most extreme outliers.  
 
This study revealed an initial ultrasound volume range of 700.32-2902.2cm³ (mean 1222,5cm3) 
which was refined to 700cm3 – 2159cm3 (mean 1205.54cm3) after the extreme outlier was 
removed, while Childs et al., (2016b:50) reported a range of 1062–2223cm3 with a mean of 
1642,5cm³ The range for CT liver volumes in our study was 972-2893cm³ with a mean of 
1419.85cm3 which changed to 972-2413cm³ (mean 1404,97cm3) after the single extreme 
outlier was removed. Unfortunately, a comparison with the Childs’s study was not possible 
since they did not report on CT volumes. Based on these two ranges a reference range will be 






DISCUSSION OF FINDINGS 
 
5.1 INTRODUCTION 
In this chapter, the research findings, as presented in Chapter 4, are discussed to aid in 
answering the research question. The findings pertaining to the study objectives were re-
examined independently and subsequently correlated with the literature to determine whether 
the ultrasound technique and equation for liver volume calculations and reference range, as 
proposed by Childs, could be adopted in clinical practice. The discussion commences with the 
evaluation of the most frequently reported ultrasound measuring techniques and cut-off values 
for the quantification of liver size in order to draw conclusions from this study.  
 
5.2 RESEARCH OBJECTIVES  
The aim of this study was to test a formula and equation, developed by a previous group of 
researchers, for ultrasound liver volume calculation when compared to CT. The following 
study objectives are crucial in achieving the primary study aim.  
 
5.2.1 Objective 1: To test the formula and equation developed by Childs and co-workers 
for the calculation of liver volume, using three linear ultrasound measurements, by comparing 
it to volumes obtained with CT segmentation analysis, as the current imaging gold standard.  
Using the Childs formula and equation, three simple linear measurements were employed in 
an attempt to represent the entire liver, combined with patient’s age and body mass index (BMI) 
to calculate liver volumes. Ultrasound volumes were subsequently compared to those derived 
from CT scans on patients who had to undergo a CT scan and whose livers were reported as 
being normal. Childs’s initial study was based on a relatively small sample of 55 normal livers 
from which the equation was developed (Childs et al., 2016a:128). The equation was, 
subsequently, tested in a second study employing 126 data sets (Childs et al., 2016b:50). 
Nevertheless, as suggested by Childs, there was a need to test their findings before it could be 
adopted in other clinical settings. At the time of data collection the researcher was not aware 
of a similar study which was being conducted by Farghaly et al., (2019), confirming the need 
for a better way of quantifying the liver than using a single linear measurement, as was the 
custom in the past. The results of the Farghaly study were recently published and are hence 
included in the discussion of our findings. 
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5.3 DISCUSSION OF RESULTS 
The aim of this chapter is to provide an interpretation of the findings to ensure that the 
objectives of the study have been met. Arguments for the findings of our study are compared 
and contrasted against previous studies and justified with literature. 
 
5.3.1 Reliability of linear ultrasound measurements 
Liver size is an important indicator of liver disease (Naik et al., 2017:4327). Being a less 
expensive and more readily available imaging option, ultrasound is often the first imaging 
modality employed when liver pathology is suspected (Childs et al., 2016b:48, Naik et al., 
2017:4327). Although liver scans are performed daily, the lack of standardization in 
performing liver measurements (Childs et al., 2016b:50) cast doubt on its reliability in the 
quantification of liver size (Childs et al., 2016b:48). Furthermore, a single linear measurement 
represents the liver in one plane only, and hence does not provide a true reflection of liver size 
(Childs et al., 2014a:301 & Childs et al., 2016a:130). 
 
On ultrasound the length of the RLL is commonly measured in a sagittal plane, extending from 
the dome of the right hemidiaphragm to the inferior edge of the liver. Even though ultrasound 
is extensively used to monitor the liver, a range of linear measurements are used to measure 
the RLL (Riestra-Candelaria et al., 2018:5-6). Two ways of measuring, in particular, have been 
described in the literature. 
 
1. The cranio-caudal (CC) measurement (Figure 2.9), conducted along the midclavicular line 
(MCL), similar to liver span assessment during palpation (Gameraddin et al., 2015:132). This 
measurement attempts to represent the liver span measurement (Özdikici, 2017:21).  
 
2. The maximum diagonal dome-to-tip (DT) measurement of the right lobe of liver (RLL) 
(Childs et al., 2014b:115), with the right kidney displayed on the image (Figure 2.8) (Kratzer 
et al., 2003:1160; Siriena et al., 2015:28). According to Riestra-Candelaria et al., (2018:3) this 
is the most commonly used ultrasound measurement of the right lobe of the liver.  
 
After reviewing a number of linear measuring techniques, Childs and co-workers (2014b:113) 
expressed their concern that some of the techniques lack reliability and validity. Additionally, 





Furthermore, in clinical practice a wide variation of cut-off values has been adopted for normal 
livers (Child et al., 2016:18). Kratzer and co-workers (2003:1157) agree that the dome-to-tip 
(DT) measurement (Technique 2) is the most commonly used method to estimate liver size 
during routine ultrasound examinations, and suggested a cut-off value of 16.0 cm as the upper 
limit of normal (Kratzer et al., 2003:1156) while Kangasa et al., (2018:39) recorded a range 
between 11-17cm. Gosink & Leymaster (1981:39) suggested 15.5cm as the cut off value for 
normal livers, by using interchangeable measuring planes from old ultrasound images and 
measurements performed on a sample of 36 cadavers. They subsequently concluded that this 
cut off value could be regarded as accurate in determining hepatomegaly in 75% of cases 
(Gosink & Leymaster, 1981:39). Childs et al., (2014b:116; Childs et al., 2016c:32), however, 
initially proposed a dome to tip (DT) measurement, in the midclavicular line, of 14.1cm based 
on a review of three studies, namely; Gosink & Leymaster (2015:39), Sapira & Williamson 
(1979) & Kratzer et al., (2003:1156) which was subsequently adjusted to 14.9cm (Childs et al., 
2016a:128). On the contrary Niederau et al., (1983:539) proposed a CC cut-off value of 12.6cm 
when the liver span (Technique 1) is measured. 
 
In our study we followed the diagonal DT measuring technique (Technique 2), as proposed by 
Childs for volume calculation, and achieved a range of 11.4cm – 20.1cm with a mean of 
14.5cm. By removing the two most extreme outliers, the range was narrowed down to 11.4 - 
17.7cm. A summary of mean/cut-off values is provided in Table 5.1 below. 
 
Table 5.1 Summary of linear liver measurements. 







Gosink & Leymaster, 
1981:38 -39 
15.5 cm Cut off 15.5 cm Measure from dome to inferior hepatic tip in the midhepatic line. The 
cut‐off value was, however, determined retrospectively from 
previous ultrasound images using interchangeable image planes  
Niederau et al., 1983: 
537-539 
12.6 cm  MCL longest diameter of liver  
Kratzer et al., 
2003:1156 - 1160 
 9.5-16.7 cm 
Cut off 16.0 cm 
Mean 14 cm 
Measured in the MCL diagonally from the hepatic dome to the 
inferior tip of the liver according to a method described by (Borner et 
al., 1987) 
Childs et al., 
2014b:116 
 Mean 14.1cm 
 
Patient in LPO position and rotated body 45 degrees away from the 
examiner. Image is obtained during inspiration. Measured from dome 
to tip of right liver. 
Sirisena et al., 
2015:28 - 29 
 12-16 cm 
Cut off 16 cm 
Mean 13.5 cm 
The liver measured in the sagittal plane with the longest liver length 
with the right kidney displayed on the monitor  




Mean 14.9 cm (a) 
Mean 13.9 cm (b) 
Left lateral decubitus position. Transducer longitudinal in line with 
the midpoint of the patient’s clavicle or MCL. Measure the 
maximum dome-to-tip distance. 
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Ekpo et al., 2013:27  9.2-15.2 cm 
Cut off 15.3cm 
Mean 12.9 cm 
Measured in the MCL diagonally from the hepatic dome to the 
inferior tip of the liver according to a method described by (Borner et 




 13-17 cm  
Cut off <15  
By using a subcostal or intercostal approach the RLL is scanned in an 
oblique plane which is parallel to the long axis of the intercostal 
spaces.  
No mention is made of the measuring technique.  
Mabrouk Kheiralla et 
al., (2016:29) 
 Cut off ≤15 cm 
Mean 12.5 cm  
Measured in the MCL diagonally from the hepatic dome to the 
inferior tip of the liver according to a method described by (Borner et 
al., 1987) 
Sanders & Hall- 
Terracciano , 
2016:412-413 
 Cut off <17 cm 
  
The RLL is measured in the MCL, however no length measuring 
technique is provided – only for an AP measurement. 
Ahmed, 2017:216  Cut off 
 F:16.9cm 
M:15cm 
The DT diameter is measured in the MCL through an oblique line  
Kangasa et al., 
2018:39 
 Cut off 17cm 
Mean 
In a supine position, the RLL was measured from the hepatic dome 
to the tip of the inferior angle of the right liver. 
Dhanji, 2020   11.4-20.1cm 
Mean 14.5 
(11.4-17.7cm) 
Mean 14.3  
Cut off 16cm  
is suggested 
 Left lateral decubitus position with a diagonal DT measurement 
from Rt hemidiaphragm to tip of anterior right liver border.  
  
 
From the above table it is evident that there is a lack of standardisation in measuring techniques 
and cut off values for normal livers (Childs et al., 2016c: 17-18), which leaves a question if 
RLL measurements are reproducible between sonographers (Riestra-Candelaria et al., 
(2018:2). Furthermore, it is evident that hepatomegaly has yet to be defined on ultrasound 
(Gameraddin et al., 2015:131). 
 
5.3.2 Comparison of biographical data 
Apart from pathological processes, factors such as race, gender, body shape and body size also 
affect liver size and, therefore, have to be factored in when normal values for liver size are 
calculated (Feng, Wang, Yu, Chen, Wang, Sheng, Yuan, Shi, Xie, & Zeng, 2017:4969; 
Kangasa et al., 2018:38, Özmen, Aktaş, Özmen, Almus, Demir, 2018:653).  
 
5.3.2.1 Comparison between age and liver size 
As the body grows from infancy to adulthood, the liver rapidly increases in size. Although 
maximum growth is believed to peak around 18 years (Naik et al., 2017:4327), previous 
observations concluded that there is a tendency toward an increase in liver size until the age of 
60 is reached (Kratzer et al., 2003:1158; Udoaka et al., 2012:34), after which it starts to 
decrease in size (Kratzer et al., 2003:1157; Ahmad & Stojanovic., 2016:1544; Agrawal, 
Lalwani, Asghar, Sahai, Sharma & Singh, 2009:3). Hence, using healthy patients in the age 
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range 18-60, was coherent with our study objectives. For ease of comparison, mean 
measurements per age group are presented in the table below. 
 
Table 5.2 Comparison of DT measurements per age group 
Author Age Mean CC measurement 
Naik et al., 2017:4328 17 - 20 12.3.cm 
21 - 30 12.5.cm 
31 - 40 13.7.cm 
41 - 50 14.0 cm 
51 - 60 14.0 cm 
Author Age Mean CC measurement 







Author Age Mean DT measurement 
Kratzer et al., 2003:1158 
 
18-25 13.4 





Author Age/Gender Mean DT measurement 
Female  Male  
Mittal & Chowdary,  
2010:2734 
11-20 8.5 8.8 
21-30 8.34 9.05 
31-40 8.93 9.55 
41-50 10.5 9.1 
51-70 9.5 9.9 
Author Age/Mean  DT cut off measurement  
Ahmed, 2017:218 20 - <40 (mean=29) 16.3 
40 - <60 (mean=48.7) 15.7 
>60 (mean=66.4 years) 14.2 
Author   Age  Mean DT measurement 
Kangasa et al., 2018:39 ≤ 30  13.26 cm 
≥ 30  13.43 cm 
Author Age  Mean DT measurement 
Farghaly et al., 2019 
 
Not Available Not Available 
Author Age  Mean DT measurement  
Dhanji, 2020 18 - 30 14.5 cm 
31 - 40 14.8 cm 
41 - 50 14.6 cm 
51 - 60 13.8 cm 
 
The above table demonstrates the distribution of mean cranio-caudal (CC) or dome-to-tip (DT) 
measurements for the right lobe of the liver per age group. Values previously reported for 
different age groups (Naik et al., 2017:4328) were contradicted in our study in line with the 
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findings of Ahmed (2017:218) which showed a slight increase in mean length up to the age of 
40, after which there was a decline. 
 
5.3.2.2 Comparison between gender and liver size 
Although gender is a contributing factor for liver size, with men generally having bigger livers 
than women, previous research could not prove a statistically significant difference between 
males and females. It was thus, previously suggested that gender can be ignored as a clinically 
relevant parameter in the calculation of liver size (Kratzer et al., 2003:1158; Kangasa et al., 
2018; 39-40).   
 
In keeping with the literature, the mean DT measurement of 14.8cm in males and 14.3cm in 
females did not indicate a statistically significant difference (P 0.169) between genders in our 
study. This strengthens Mabrouk Kheiralla and co-worker’s (2016:28) argument that this is a 
reliable single measurement for both genders. A summary of mean linear measurements per 
gender is presented in Table 5.2. 
 
Table 5.3 Comparison of linear measurements per gender 




Mean AP  
LT lobe 
Naik et al., 
2017:4329 












Mean AP  
LT lobe 
Gameraddin et al., 
2015:133 
Sudan Females Not available 12.2 cm 4.98 
Males Not available 12.68cm 5.05 
Author Country Gender Mean DT measurement Mean AP 
RT lobe 
Mean AP  
LT lobe 
Kratzer et al., 
2003:1157 










Country Gender Mean DT measurement Mean AP 
RT lobe 
Mean AP  
LT lobe 
Tarawneh et al., 
2009:200 








Author Country Gender Mean DT measurement Mean AP 
RT lobe 
Mean AP  
LT lobe 
Mittal et al., 
2010:2735 
Rajasthan Females 12.7 cm Not 
available 
9.17 





Author Country Gender Mean DT measurement Mean AP 
RT lobe 
Mean AP  
LT lobe 
Udoaka et al., 
2012:35 








Author Country Gender Mean DT measurement Mean AP 
RT lobe 
Mean AP  
LT lobe 
Siddique et al., 
2014:385 








Author Country Gender Mean DT measurement Mean AP 
RT lobe 
Mean AP  
LT lobe 
Mabrouk Kheiralla et 
al., 2016:31 








Author  Country Gender Mean DT measurement Mean AP 
RT lobe 
Mean AP  
LT lobe 








Author Country Gender Mean DT measurement  Mean AP 
Rt Lobe 
Mean AP  
LT lobe 








Author Country Gender Mean DT measurement Mean AP 
RT lobe 
Mean AP  
LT lobe 
Kangasa et al., 
2018:39 








Author Country Gender  Mean DT Measurement  Mean AP 
Rt Lobe  
Mean AP 













Author Country Gender Mean DT measurement Mean AP 
RT lobe 
Mean AP  
LT lobe 
Dhanji, 2019 South 
Africa 
Females 14.3 cm 10.8 cm 5.9 cm 
Males 14.8 cm 11.5 cm 7.6 cm 
 
From the above table it appears that although the liver is longer in males, the difference is not 
statistically significant. On the contrary, in our study AP measurements for the right and left 
lobes were both significantly higher in males, with a P = 0.015 for the right lobe and P = 0.00 




Furthermore, the overall CT and ultrasound volumes were significantly higher for males than 
for females, with the mean CT volume being 1580.55cm3 for males and 1347.65cm3 for 
females (p = 0.001) and US volumes averaging 1455.3cm3 for males and 1117.9cm3 for females 
(p = 0.00), in keeping with the literature as displayed in Table 5.4 below. 
 
Table 5.4 Comparison of mean liver volumes per gender 
Author Country Gender CT Volume US Volume 
Childs et al., 2015:19 Australia Females Not available  
per gender 
Not available  
per gender Males 
Author  Gender CT Volume US Volume 
Farghaly et al., 2019:4 Egypt  Females 1522cm3 1538.10cm3 
Males 1566cm3 1606.19cm3 
Author  Gender CT Volume US Volume 
Dhanji, 2019 South Africa Females 1347.65 cm3 1117.9 cm3 
Males 1580.55 cm3 1455.3 cm3 
 
 
5.3.2.3 Comparison between body mass index (BMI) and liver size  
A BMI of ≥25 is associated with an increase in liver size, which can most likely be attributed 
to fatty infiltration (Kangasa et al., 2018:39). Furthermore, Ahmad & Stojanovic (2016:1545) 
concluded that a BMI >25 yield unsatisfactory volume calculation results. Since we aimed at 
confirming a reference range for normal livers, prospective participants with a BMI >25 were 
excluded from this study. 
 
Since healthy candidates with a BMI within the normal range (20.0 and 24.9) were recruited 
into the study, no correlation was expected between liver size and BMI. It was, therefore, no 
surprise that, in line with our study criteria, the mean BMI calculated at 22.8. With no 
correlation between liver size and BMI, a reference range for normal liver volumes could be  
suggested in a population with an average BMI.  
 
5.3.3 Objective 2: In this section of the study the aim is to “confirm the for normal liver 




Liver volume is an important clinical indicator of liver disease. The quantification of liver 
volume is, thus, useful to determine the prognosis in destructive conditions such as liver 
cirrhosis and imperative in the selection of liver transplant donors and preoperative planning 
of tumour resection Shi, Yan & Du, 2012:7330; Farghaly et al., 2019:4   
 
Although reference ranges are limits based on minimal risk for complications or disease, they 
may be interpreted as definite thresholds which clearly separate "normal" from "abnormal". In 
reality the risk increases as the distance increases from the suggested minimum and maximum 
values (https://labtestsonline.org/articles/laboratory-test-reference-ranges). 
 
While several previous studies attempted to quantify liver size, using different imaging 
modalities, to date there is no clear evidence regarding the most accurate method to achieve 
this aim (Farghaly et al., 2019:4). Currently CT volume calculation is considered the gold 
standard for the calculation of liver size (Ahmed & Stojanovic, 2016:1546; Childs et al., 
2016a:125). In an attempt to find an alternate to CT volumes without exposing patients to high 
doses of radiation, ultrasound is now actively explored as a means to calculate liver volumes 
(Childs et al., 2016a:129). Although, studies to predict liver volume from simple linear 
ultrasound measurements were attempted by other researchers (Elstein et al., 1997:210-211; 
Zoli et al., 1989:161), the accuracy of their equations was never tested.  
 
Most recently, Childs argued that multiple linear measurements may provide a practical and 
simple method to calculate liver volumes (Childs et al., 2014a:296-302) and subsequently 
attempted to develop a measuring technique and equation, with the aid of a predictive penalised 
regression model.  
 
In an attempt to test the equation more rigorously, an Intra-class Correlation coefficient of 
0.734, indicated moderate to almost good agreement between CT and ultrasound volumes in 
our study. However, the mean CT volume of 1419.85cm3 in our study was less than the mean 
CT of 1636.6cm3 recorded in the Childs study (Childs et al., 2016a:128). Similarly, the mean 
ultrasound volume for our study was 1222.5cm3, which once again is significantly smaller than 




We, furthermore, set out to determine cut-off volume values for normal livers, in order to 
determine our own reference range and confirm the accuracy of the Childs’s suggested 
alternative to liver volume calculation by ultrasound. 
 
Childs et al., (2016b:50) reported an ultrasound reference range of 1062 – 2223cm3 in their 
study. Liver volume ranges in our study, as derived from the raw data, revealed a CT volume 
range of 972 - 2893cm³, and an ultrasound range of 700.32 - 2902.2 cm3, as demonstrated in 
Figure 5.1. 
 
Figure 5.1 Liver volume ranges before further analysis 
 
Both volume ranges in our study were significantly different from the ultrasound range 
proposed by Childs. When our raw data was, resultantly, subjected to tests of normality, it was 
clear that data distribution for both CT and ultrasound volumes were not normal. Subsequently, 
two scenarios were developed for CT and ultrasound volumes in an attempt to derive at refined 
reference ranges which could be compared to the range suggested by Childs and hopefully 
applied in clinical practice. 
  
1. In scenario 1 all outliers were excluded, which narrowed the ultrasound range to 700cm3 
– 1962cm3 and the CT range to 972cm3 – 2099cm3. Since the data was skewed towards the 
high end of the Bell curve, this measure excluded too many of the larger measurements. 
When compared to the Childs range, scenario 1 did not provide a realistic picture of normal 




Figure 5.2 Liver volume ranges with all outliers removed for CT and US 
 
2. In scenario 2, only the most extreme outliers were excluded for both CT and ultrasound 
volumes, which implied that a single participant was excluded for both ranges. This action 
narrowed the ranges to 972cm3 – 2413cm3 for CT and 700cm3 – 2159cm3 for ultrasound, 
as depicted in Figure 5.3 below.    
 
Figure 5.3 Liver volume ranges with only the most extreme outliers removed 
 
When compared to the Childs reference range, CT and ultrasound ranges in scenario 2 seem to 
be a closer fit with the Childs reference range and hence, a more realistic option for adoption 
in clinical practice. However, it appears that by using the Childs equation, ultrasound 




It transpired that recently Farghaly et al., (2019) also tested the Childs formula and equation 
with an aim similar to ours. In their study a strong positive correlation was obtained between 
CT and ultrasound volumes (Pearson correlation r = 0.7402) while Childs et al., reported near 
perfect agreement (r = 0.9) between the two modalities (Childs et al., 2016a:129, Farghaly et 
al., 2019:5)  On the contrary, a moderate to almost good agreement (r = 0.734) was achieved 
in our study.  
 
Table 5.5 Summary of liver volume reference ranges  
Author CT volume ranges & 
mean 
US volume ranges & 
mean 
Dhanji initial results  972cm3 - 2893cm3 
Mean 1419,85cm3 
700cm3 – 2902cm3 
Mean 1222,51cm3 
Dhanji extreme outliers removed  972cm3 - 2413cm3 
1404,97cm3 
700cm3 – 2159cm3 
1205,54cm3 
Dhanji all outliers removed  972cm3 - 2099cm3 
Mean 1376,49cm3 
700cm3 - 1962cm3 
Mean 1187,41cm3 
Childs et al., (2016b:128) Range not available  
 Mean 1636.6cm3 
1062cm3 - 2223cm3 
Mean 1642,5cm3 
Farghaly et al., (2019:4) Range not available  
Mean 1599.30cm3 
Range not available  
Mean 1572.10cm3 
 
Table 5.5 above demonstrates the lower mean values obtained in our study, especially for 
ultrasound volume calculation compared to the Childs and Farghaly studies. This may be 
explained through the strict criterion of BMI 20-24.9, set for our study, which could have led 
to overall lower values. On the contrary, Childs’s inclusion criteria only specified participants 
with normal livers without making mention of BMI (Childs et al., 2016b: 48), while the 
Farghaly study excluded participants <18 years or those with abnormal liver function tests 
(Farghaly et al., 2019:2).  
 
In our study, we thus, have to conclude that the Childs equation did not yield a perfect result 
in the calculation of liver volume, when compared to volumes calculated using CT. Contrary 
to our results, Farghaly et al., (2019:4) found no significant difference between CT and 
ultrasound volumes with their results showing a mean ultrasound volume of 1572.10cm3 and 
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CT volume of 1599.30cm3 (Farghaly et al., 2019:5). In spite of following the Childs measuring 
technique meticulously, it remains unclear why our study did not yield similar comparable 
results. A possible further explanation may be that by using three linear measurements, which 
only represent two liver planes, the equation may be too simplistic and does not delineate the 
liver borders sufficiently as a volume. To this effect Childs suggested that the technique and 
equation may not suffice in patients with severe cirrhosis with associated lobar redistribution, 
patients with liver masses affecting the caudate lobe, or in patients who have a Riedels lobe 
(Childs ,2016c:73). The reference range presented by Childs et al., (2016a:125) may, however, 
have a limited application in the event of a non-uniformly enlarged liver. The liver volume cut-
off values have also not been determined on paediatric patients and the need exists for 
replication of this research for a paediatric population (Childs, 2016c:74). 
 
However, in keeping with Mabrouk Kheiralla et al., (2016:28) it transpired that the DT 
measurement is the single parameter which yielded the most consistent and comparable results 
in our study. Likewise, Childs et al., argue that there is less variation in right lobe 
measurements, mainly due to its shape, even when taking into account that the position of the 
tip at times has to be estimated (Childs et al., 2014:118,119).  As a result, the measurement 
would still be reliable, even if measurements were taken in a slightly different plane. 
 
5.4 SUMMARY 
While the simple linear ultrasound measurements of the liver, as suggested by Childs, are easy 
to perform, they provide dimensional information at predetermined points within the right and 
left lobes of the liver. Arguably, liver volume provides a more complete picture of liver size, 
compared to a single DT linear measurement (Childs et al., 2016a:126), since it represents the 
entire liver rather than a single plane of the right lobe (Farghaly et al., 2019:4,5). Subsequently, 
we are of the opinion that the proposed method and equation, developed by Childs, may need 
refinement and more testing before it can be generalized to other populations.  
 
In this regard, Kratzer et al., (2003:1156) pointed out that the sonographic determination of 
liver volume is unsuitable for routine diagnostic applications and should be reserved for 
specific clinical situations. The authors, furthermore, argued that three-dimensional liver 
volumes are difficult to quantify using linear measurements. Although more research is needed, 
the Childs study paves the way for adopting the notion that simple linear 2D ultrasound could 




Scientifically tested cut-off values for different organs are imperative to accurately determine 
the presence of size related pathological processes (Sirisena et al., 2015:32). With liver size 
being a significant indicator for the presence of disease progression, the effect of treatment can 
be monitored while knowledge of liver size is key when planning liver transplants and 
resections (Farghaly et al., 2019:4). 
 
The following findings from our study deserve to be mentioned. Firstly, although males have 
bigger livers than females, the difference is not statistically significant. On the contrary, age 
might have to be factored in when trying to determine normal reference ranges for liver size. 
BMI plays a significant role in determining a reference range, since a high BMI is associated 
with fatty changes in the liver which leads to hepatomegaly (Ahmad & Stojanovic, 2016:1544) 
 
Currently, based on conventional ultrasound criteria, a DT measurement seems to be the most 
consistent and reliable linear measurement of the liver. Moreover, a measurement of >16cm 
could be considered as an indication of pathology (Kratzer et al., 2003:1160). However, with 
an increase in liver pathology it is crucial that a more reliable way of assessing the entire liver 
volume is needed. Unfortunately, our study was unable to confirm the Childs’s equation for 
liver volume calculation as sufficiently reliable, when compared to volumes calculated using 
CT. However, as a safe, affordable and readily available imaging modality ultrasound should 
further be explored as a means to provide reliable liver volumes. 
 
Based on the Childs measuring technique and equation the results of this study demonstrated a 
moderate to almost good agreement between CT and ultrasound volumes, with ultrasound 
volumes being smaller than those obtained with CT in the same participants. The reference 
range for ultrasound liver volumes in adults with normal livers was 700cm3 – 2159cm3 (mean 
1205.54cm3), after the extreme outlier was removed, compared to 1062cm3 - 2223cm3 (mean 
1642,5 cm3) in the Childs study. CT volumes ranged between 972cm3 - 2413cm3 with a mean 








CONCLUSIONS AND RECOMMENDATIONS 
 
6.1 INTRODUCTION  
This chapter seeks to review the study findings with regards to the attainment of specified 
objectives, limitations encountered during the study, and contributions made to the body of 
knowledge. The implications of our findings to clinical practice and further research are 
additionally discussed.  
 
6.2 RESEARCH AIM  
The aim of this quantitative, comparative and descriptive study was to test a measuring 
technique and equation developed by a previous group of researchers for ultrasound liver 
volume calculation, when compared to CT volumes.  
 
In achieving the study aim, the researcher performed three simple linear liver measurements, 
as described by Childs, which were combined with anthropometric parameters to calculate liver 
volumes using the Childs equation. Ultrasound volumes were subsequently compared to CT 
volumes which were obtained using semi-automated liver segmentation analysis, as per our 
departmental protocol. 
 
This follow up study was deemed necessary firstly, to determine the reliability of Childs’s 
formula and equation before adopting it in clinical practice and secondly, to confirm the 
reference range for normal liver volumes in our population.  
 
In our study the refined cut-off range for CT volumes was 972cm3 - 2413cm3 with a mean of 
1404,97cm3. Although smaller than the CT range, a moderate to almost good agreement was 
statistically calculated between CT and ultrasound volumes, with a range of 700 – 2159cm3 
and a mean of 1205.54cm3 in participants with healthy livers. It is not clear why our ultrasound 
volumes did not provide a better match with CT volumes in the same patients, since all 
precautions were taken to follow the Childs technique. Furthermore, we attempted to minimize 




Unbeknown to us, the Childs’s proposed measuring technique, equation and reference range 
were also recently tested by Izranov et al., (2019) and Farghaly et al., (2019), strengthening 
the universal need for a more reliable and standardised way of quantifying the liver. Although 
we could not unequivocally prove the comparability of this method to CT volumes in our study, 
the abovementioned authors concluded that Childs and co-workers provided a reliable alternate 
to a single linear length measurement of the liver with their proposed liver volumetric 
assessment (Farghaly et al., 2019:2). 
 
 
6.3 CONCLUSION OF THE STUDY 
This study provided a comprehensive review of different liver measuring techniques and 
reference ranges for the assessment of normal and abnormal livers. The findings of our study 
were generated from a sample comprising of 100 participants with healthy livers.  
 
In keeping with the literature, we concluded that liver size decreases with age although liver 
measurements in our study peaked between the ages of 30 to 40, after which a decline was 
noted. While liver size is generally greater in males, no statistically significant difference could 
be demonstrated in our study and gender can thus be ignored as a clinically relevant influencing 
parameter, as also suggested by Kratzer et al., (2003:1158). Since all participants in our study 
had a normal BMI, no positive correlation was noted between liver size and BMI. 
 
Liver size is an important indicator of liver pathology (Naik, Suma & Reddy, 2017:4327) and 
the assessment thereof, subsequently, plays an important role in the monitoring of disease 
progression, the effect of treatment and liver transplantation planning (Gameraddin et al., 
2015:131; Wolf, 1990:480). Currently the biggest problem with linear measurements is the 
lack of standardisation in the measuring technique and the fact that it represents the liver in a 
single plane, hence not providing a true reflection of liver size and the three dimensional nature 
of the organ (Childs et al., 2016:). 
 
As suggested in the literature (Mabrouk Kheiralla et al., 2016:28), the conventional method of 
measuring the liver using a single DT measurement of the right liver lobe in the MCL yielded 
the most consistent and comparable results in our study. A measurement of 16cm, as suggested 
by Kratzer et al., (2003:1160), could furthermore, be used as a cut-off value for normal livers. 
This, thus, proves that the measuring technique borrowed from Borner et al., (1987) (text in 
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German) and subsequently described by Kratzer et al., (2003:1157) can be adopted in clinical 
practice.  
 
With regards to the primary aim of our study, we have not been as successful as other 
researchers in demonstrating that a combination of the Childs measuring technique and 
equation is equally accurate to calculate liver volumes as with a semi-automated CT method. 
Although we achieved a moderate to almost good agreement between CT and ultrasound 
volumes, we were not able to achieve a good to almost perfect agreement as anticipated. It is 
our personal intuition that the Childs formula, which currently relies on a single length 
measurement of the right lobe and two depth measurements of the right and left lobes to 
delineate liver borders, might be somewhat simplistic and may need to be reconsidered to 
include width measurements of both lobes, even though the latter poses challenges.  
 
However, in view of the fact that other researchers, who also recently tested the Childs formula 
and equation, obtained better results (Childs et al., 2016b:50; Izranov et al., 2018:290; Farghaly 
et al., 2019:3-6), it is fair to assume that the newly proposed formula, equation and ultrasound 
reference range could be adopted in other settings.  
 
 
6.4 STUDY LIMITATIONS  
Ultrasound is a non-invasive and readily available imaging modality. However, it has a long 
learning curve, and is highly operator dependent (Izranov et al., 2018:290). The biggest source 
of variation in measurement is due to the use of different scanning planes and transducer angles 
(Childs et al., 2014b:119). Although the researcher attempted to execute the measurements in 
accordance with the proposed technique and the average of two separate measurements were 
used for analysis, the operator dependent nature of the modality might have been the reason for 
the discrepancy between ultrasound and CT volumes obtained in our study. Nevertheless, 
previous studies reported similar limitations with standardization of measurement techniques 
and limited scanning guidelines influencing the reliability and validity of research findings 
(Farghaly et al., 2019:5).  
 
The researcher anticipated proving the reliability of the Childs measuring formula and equation 
for adoption in clinical practice in our setting. However, based on our results and those of recent 
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studies, we believe that this formula and equation could be applied as an alternative to CT liver 
volumes until more refined methods for volume calculation are available. Furthermore, to date 
there are many proposed cut-off values to indicate normal livers. While we attempted to 
confirm an ultrasound volume reference range, our results did not allow us to suggest such 
reference range with confidence and, therefore, the range as per the Childs study will suffice 
in the interim. 
 
 
6.5 IMPLICATIONS FOR CLINICAL PRACTICE  
Based on the findings of our study and a review of the literature, ultrasound liver volume 
calculation should routinely be incorporated into clinical practice. The following suggestions 
could be considered:  
 Guidelines for precise scanning and measuring protocols to standardise and optimise 
conventional liver measurements.  
 Protocols for precise liver volume calculation may act as a catalyst for its acceptance 
in daily practice and provide an alternate to CT in the quantification of liver size.  
 
Several professional bodies already provide guidelines for linear liver measurements and cut-
off values which could be adopted or used as a guide in everyday practice (College of 
Radiographers & British Medical Ultrasound). However, the value of well formulated 
guidelines would be greatly enhanced when it is endorsed by training institutions as part of the 
undergraduate curriculum.  
 
The quality of ultrasound practice and the assessment of liver size largely depend on the 
operator. Formal instruction of ultrasound practitioners to interpret the ultrasound findings 
accurately should, therefore, not be underestimated. It, thus, stands to reason that sound 
knowledge, being a consequence of formal training, may lead to better results and better patient 
management. (Nkhota, 1998: 36). 
 
Qualified sonographers may additionally benefit from continuous professional development 
(CPD) workshops to be updated with the latest measuring techniques and the application of the 
Childs formula and equation for improved clinical practice. However, the calculation of liver 
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volume requires the use of precise measuring techniques which calls for additional training 
(Izranov et al., 2018: 286, 290). 
 
 
6.6 IMPLICATIONS FOR FUTURE RESEARCH 
Although research suggests that the Childs formula and equation provides a good starting point 
for better quantification of liver size, further research is suggested to confirm the validity and 
reliability of this proposed method and its ability to differentiate between normal and abnormal 
livers or detect changes in liver size over time (Childs et al., 2014b:119). 
 
It is further recommended that more research be done in the refinement of the Childs proposal 
by possibly incorporating width measurements into the formula and equation in order to define 
liver borders more precisely and be more representative of the three dimensional nature of the 
structure.  
 
An important factor to take into consideration is the development of calculation software 
packages which are now becoming available on modern ultrasound equipment. These software 
packages are devised to translate linear measurements into volumes automatically and present 
the user with a report (Izranov et al., 2018:290). This implies that when fully tested, the Childs 
equation could possibly be incorporated in existing software packages, resulting in the 
calculation of liver volume without increased scanning time or cost to the department. This is 
both advantageous for work throughput and for patient convenience (Childs, 2016c:70). 
However, if this is not possible, calculation of the liver using a calculator still remains an option 
(Izranov et al., 2018:290). 
 
 
6.7 FINAL CONCLUDING REMARKS  
In medical imaging, determination of organ size is common practice and often a crucial factor 
to confirm the presence of disease. Various ultrasound measuring techniques aid in the 
objective volumetric assessment of structures, such as the bladder, ovaries, thyroid and prostate 
(Irzranov et al., 2018:286). The liver, being one of the most frequently examined organs, 
however, has posed the most difficult to quantify due to its size and variations in shape (Gosink 




Although a single DT measurement of the right lobe of the liver provides a crude indication of 
liver size, it lacks standardisation and is in no way a reflection of liver volume. However, in 
order to monitor disease progression, evaluate the liver’s response to treatment or plan liver 
transplants, the accurate estimation of liver volume provides a more global indication of liver 
size (Childs, 2016c:69). 
 
Although not perfect, the technique, equation and reference range for liver volume calculation, 
as proposed by Childs, have proven to be a better alternative in assessing liver size than simple 
linear measurements. The adoption of and further testing of this method could provide a 
valuable alternative to CT in clinical practice and may aid to improve patient management 
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PARTICIPANT INFORMATION LETTER 
                            
16 August 2018  
 Good Day  
My name is Roshni Dhanji. I am a qualified sonographer and currently pursuing a Master’s 
degree through the University of Johannesburg. I WOULD LIKE TO INVITE YOU TO 
PARTICIPATE in my study titled “Testing of an equation for liver volume calculation 
using simple linear ultrasound measurements as compared to CT.  
  
THE PURPOSE OF THIS this quantitative comparative and descriptive study is to test an 
equation developed by a previous group of researchers for ultrasound liver volume 
calculation when compared to CT”. Below, I have compiled a set of questions and answers 
that I believe will assist you in understanding the relevant details of participation in this 
research study. Please read through these. If you have any further questions I will be happy to 
answer them for you.  
  
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to participate 
in the study. I will describe the study and go through this information sheet. If you agree to 
take part, I will then ask you to sign a consent form.   
  
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE?  
Should you agree participate in the study you will be required to share your medical history 
with the researcher and give permission to access your CT and relevant test results. You will 
have an ultrasound scan of the liver that will be done by the researcher only. While lying on 
your left side, 45 degrees away from the researcher, gel will be applied to your right upper 
abdomen. Thereafter three measurements will be done of your liver from two separate 
images, allowing a volume to be calculated. A unique research number will be used to protect 
your identity while all your personal and medical data will be kept confidential. Your privacy 
and confidentiality will be strictly observed and maintained during and after the examination.   
 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you 
decide to participate, you are free to withdraw your consent at any time without giving a 
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reason and without any consequences. If you wish to withdraw your consent, you must 
inform me as soon as possible.  
 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, 
OR  
PAYMENT DUE TO ME: You will not be paid to participate in this study and you will not 
bear any additional expenses for the limited ultrasound scan. As the researcher I will not 
receive any funding from the study.   
 
RISKS INVOLVED IN PARTICIPATION: Except for the additional time (10 minutes) it 
will take to perform a limited ultrasound scan of the liver, there are no risks to you as the 
participant in participating in the study.    
 
BENEFITS INVOLVED IN PARTICIPATION: With this study, I hope to confirm the 
reliability of liver volume calculation as a means to assess liver size, when compared to that 
obtained with CT. It is, thus, anticipated that the results of this study will be valuable to 
establish best ultrasound practice for the quantification of liver size in a reliable and safe 
manner. Results of the study will be disseminated as a journal article.  
 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. 
Your ultrasound and CT data will be allocated a research number to protect your identity. All 
data and back-ups thereof will be kept in locked cupboard. Only I or my research supervisor 
will be authorised to use and/or disclose your anonymised information in connection with this 
research study.  
 
WILL MY TAKING PART IN THIS STUDY BE ANONYMOUS? Yes. Anonymous 
means that your personal details will not be recorded on any documents. The data will be 
stored using a unique research number to protect your identity. All data obtained from the 
study will be locked in a secure office.   
  
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The 
results will be written into a research report that will be assessed. In some cases, results may 
also be published in a scientific journal. In either case, you will not be identifiable in any 
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documents, reports or publications. You will be given access to the study results if you would 
like to see them, by contacting me.   
 
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being organised by 
me, under the guidance of my research supervisor at the Department of Medical Imaging and 
Radiation Sciences in the University of Johannesburg. This study will not receive any funding.     
  
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was 
allowed to start, it was reviewed in order to protect your interests. This review was done first 
by the Department of Medical Imaging and Radiation Sciences, and secondly by the Faculty 
of Health Sciences, Higher Degrees and Research Ethics Committees at the University of 
Johannesburg. In both cases, the study was approved.  
  
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this 
research study, its procedures or risks and benefits, you should ask me. You should contact me 
at any time if you feel you have any concerns about being a part of this study.  
My contact details are:   
  




You may also contact my research supervisor: 
Mrs Barbara van Dyk  
barbaravandyk.sts@gmail.com  
  
If you feel that any questions or complaints regarding your participation in this study have not 
been dealt with adequately, you may contact the Chairperson of the Faculty of Health Sciences, 
Research Ethics Committee at the University of Johannesburg:  
Professor Chris Stein  
Tel: 011 559-6564  
Email: cstein@uj.ac.za   
  
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more 
specific information about this research project information, have any questions, concerns or 
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complaints about this research study, its procedures, risks and benefits, you should 
communicate with me using any of the contact details given above.  
  


























PARTICIPANT RESEARCH CONSENT FORM 
 
                                           
Testing of an equation for liver volume calculation using simple linear 
ultrasound measurements as compared to CT. 
Please initial each box below:  
  
 I confirm that I have read and understand the information letter dated Click 
here to enter the date, as is appears on the information sheet. for the above study. I 
have had the opportunity to consider the information, ask questions and have had 
these answered satisfactorily.  
  
                    I understand that my participation is voluntary and that I am free to 
withdraw from this study at any time without giving any reason and without any 
consequences to me.  
  
I understand that my personal information will be anonymised and kept 
confidential at all times.   
 
  I agree to take part in the above study.  
  
___________________        ____________________  ___________________ 
Name of Participant         Signature of Participant  Date  
  
 
____________________      ____________________  ___________________ 











TABLE 1:  Biographical information  
Age group in years    
18-30  1  
31-40  2  
41-50  3  
51-60  4  
Gender    
Male   1  
Female  2  
Anthropometric measurements   
Height (m²)    
Weight (kg)    
BMI (weight:kg / height:m²)    
 
TABLE 2:  Liver measurements and volume calculation  
CT (Childs et al., 2016:127)  
Lt. lobe AP    
Rt. lobe DT    
Rt. lobe AP    
Volume calculation cm3    
Ultrasound (Childs et al., 2016:129)  
Lt. lobe AP    
Rt. lobe DT    
Rt. lobe AP    
Volume calculation cm3    





       DECLARARTION OF HELSINKI 










HISTOGRAMS: RESULTS SECTION 3 
TEST OF NORMALITY OF DATA PER AGE GROUP 
 





Ultrasound left lobe AP measurement for age group 18-30 
 

















HISTOGRAMS: RESULTS SECTION 6 












CONFIDENCE INTERVALS, PERCENTILES AND OUTLIERS FOR CT & US 
VOLUMES 
DESCRIPTIVES:  
Volume CT and U/S Descriptive 
      Statistic Std. Error 
Volume_CT Mean   1419,850 34,349 
  95% Confidence Interval for 
Mean 
Lower Bound 1351,694   
    Upper Bound 1488,006   
  5% Trimmed Mean   1390,333   
  Median   1358,500   
  Variance   117985,927   
  Std. Deviation   343,491   
  Minimum   972,000   
  Maximum   2893,000   
  Range   1921,000   
  Interquartile Range   436,250   
  Skewness   1,376 0,241 
  Kurtosis   3,003 0,478 
Volume_US Mean   1222,506 34,812 
  95% Confidence Interval for 
Mean 
Lower Bound 1153,432   
    Upper Bound 1291,581   
  5% Trimmed Mean   1194,483   
  Median   1155,601   
  Variance   121187,547   
  Std. Deviation   348,120   
  Minimum   700,324   
  Maximum   2902,250   
  Range   2201,926   
  Interquartile Range   392,241   
  Skewness   1,581 0,241 








Weighted Average (Definition 1) 
 
  2.5 5 10 25 50 75 90 95 97.5 
Volume_CT 984,53 987,25 1049,50 1163,50 1358,50 1599,75 1889,90 2093,20 2343,18 
Volume_US 778,87 811,84 845,44 992,99 1155,60 1385,23 1628,98 1839,84 2081,34 
 
Extreme Values 
      
Case 
Number Value 
Volume_CT Highest 1 35 2893 
    2 66 2413 
    3 84 2280 
    4 1 2256 
    5 95 2099 
  Lowest 1 6 972 
    2 92 984 
    3 46 985 
    4 34 986 
    5 97 987 
Volume_US Highest 1 1 2902 
    2 66 2159 
    3 35 2011 
    4 57 1962 
    5 2 1840 
  Lowest 1 72 700 
    2 42 753 
    3 38 802 
    4 83 806 
    5 6 812 
 
Tests of Normality 
Kolmogorov-Smirnova     
  Statistic df Sig. 
Volume_US 0,081 97 0,117 














Case 90 Removed 
Percentiles 
Weighted Average 
(Definition 1)                 
  Percentiles                 
  2.5 5 10 25 50 75 90 95 97.5 
Volume_CT 984,50 987,00 1049,00 1162,00 1350,00 1596,00 1871,00 1983,00 2268,00 
 
Extreme Values 
      Case Number Value 
Volume_CT Highest 1 66 2413 
    2 84 2280 
    3 1 2256 
    4 95 2099 
    5 99 1983 
  Lowest 1 6 972 
    2 92 984 
    3 46 985 
    4 34 986 
    5 97 987 
 
Tests of Normality 
Kolmogorov-Smirnova     
  Statistic Df Sig. 
Volume_CT 0,083 99 0,089 






















Case 4 Removed 
Descriptives 
      Statistic 
Std. 
Error 
Volume_US Mean   1205,539 30,706 






1144,605   
    Upper 
Bound 
1266,474   
  5% 
Trimmed 
Mean 
  1187,513   
  Median   1154,254   
  Variance   93342,115   
  Std. 
Deviation 
  305,519   
  Minimum   700,324   
  Maximum   2159,351   
  Range   1459,026   
  Interquartile 
Range 
  391,586   
  Skewness   0,802 0,243 
  Kurtosis   0,391 0,481 
 
Percentiles 
Weighted Average (Definition 1)               
  
Percentile
s                 
  2.5 5 10 25 50 75 90 95 97.5 












      
Case 
Number Value 
Volume_US Highest 1 66 2159 
    2 35 2011 
    3 57 1962 
    4 2 1840 
    5 41 1828 
  Lowest 1 72 700 
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    2 42 753 
    3 38 802 
    4 83 806 
    5 6 812 
 
Tests of Normality 
Kolmogorov-Smirnova   
  Statistic Df Sig. 
Volume_US 0,092 99 0,039 
a. Lilliefors Significance Correction 
 
Volume_US 
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ANNEXURE K 
 
EDITOR’S LETTER 
 
 
 
